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PREFACE

It was not until the early twenties that public officials throughout
the United States recognized the importance of standardizing and
improving report forms and procedures for collecting and analyzing
information on motor vehicle accidents. The National Conference on
Uniform Traffic Accident Statistics was an outgrowth of this realiza-
tion. It was formed as the common meeting place of twenty-five
organizations and agencies interested in the improvement of highway
transportation.* With the reorganization of the Conference in 1941,
the principal activities were assigned to three committees: (1) Com-
mittee on Forms and Statistical Practices; (2) Committee on Defini-
tions; and (3) Committee on Uses of Developed Information.

This Manual is the work of the Committee on Uses of Developed
Information of the National Conference on Uniform Traffic Accident
Statistics. When the Committee was created in March 1941, it was
recognized that accident information was becoming increasingly avail-
able in greater completeness and detail in most cities and states, but
that too few uses were being made of this reported information. Ac-
cordingly, the Committee undertook the preparation of a Manual
which would encourage more extensive and uniform uses of accident
records, and which would bridge the gap between the statistical sys-
tems employed in the collection and basic analysis of accident data
and the uses of accident information. Needs of engineers, educators,
enforcement officials, and other groups were taken into account.

Work on the Manual was greatly curtailed because of the war.

However, the Committee was kept active and some progress was made
by several members.

*The following agencies constitute the National Conference on Uniform Traffic
Accident Statistics:~American Automobile Association; American Association of
Motor Vehicle Administrators; American Association of State Highway Officials;
American Mutual Alliance; American Public Health Association; American Transit
Association; American Trucking Association; Association of Casualty and Surety
Companies; Automotive Safety Foundation; Conference of State and Provincial
Health Authorities of North America; Federal Interdepartmental Safety Council;
Institute of Traffic Engineers; International Association of Chiefs of Police;
National Association of Coroners; National Association of Motor Bus Operators;
National Association of Railroad and Utilities Commissioners; National Conserva-
tion Bureau; National Safety Council; Society of Automotive Engineers; U. §.
Bureau of Labor Statistics; U. S. Division of Statistical Standards; U. S. Interstate
Commerce Commission; U. S. Public Health Service; U. S. Public Roads Adminis-
tration; Yale University Bureau of Highway Traffic.
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Publication of the Manual at present is especially timely, in view
of the new magnitude and complexity of highway transportation. It
is the studied conviction of the Committee that there is an urgent need
for the best possible uses of accident records and facts, in order that
all forces and resources can be properly focused on traffic problems
and activities aimed at their correction.

It is realized that this Manual does not cover all aspects of accident
record activities and that there are many more uses to which accident
data can be put. It is further realized that many additional methods,
bibliographical references, and illustrations could be included. On the
other hand, it is felt that a significant start has been made towards the
compilation of the more important uses of accident information, and
it is hoped that the Manual will serve as an important instrument in
not only encouraging more extended and serious applications of avail-
able data, but also in the stimulation of development of new uses and
in the expansion of existing record systems. Should this result, a more
complete and comprehensive Manual may be issued through the
National Conference in the future.

The personnel of the Committee represents a wide group of agencies
interested in highway transportation and traffic safety. Each member
has had valuable experiences in the use of accident information and
is an expert in his field. In the development of the Manual, work was
arranged so that each chapter was the specific responsibility of a few
qualified committee members working together as sub-committees.
These members, in turn, called upon official agencies of state and
local governments as well as on other traffic and transportation author-
ities for assistance. In this way, the Manual represents the experiences
and opinions, not only of members of the Committee, but of agencies
and individuals engaged in the day-to-day analysis, collection, and use
of accident data.

All members of the Committee had an active part in the preparation
of the Manual, and contributed substantially from their experiences
and current activities. Much credit is due the many others who con-
tributed valuable suggestions and illustrations and who reviewed the
manuscript. Special appreciation for the preparation of the basic manu-
script is due Messrs. David M. Baldwin, William G. Eliot, Burton W.
Marsh, Daniel G. Reynolds, and George R. Wellington. The Commit-
tee is deeply indebted to Mr. Taylor D. Lewis for the great amount
of time which he devoted to the preparation of the manuscript and
to the general direction of the Committee.
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The Committee is grateful to the Eno Foundation for Highway
Traffic Control, Inc., for funds for printing the Manual. The wide-
spread free distribution which this support makes possible will insure
the maximum utilization of the Manual’s contents.

WiLsur S. Smrrw, Chairman,
Committee on Uses of Developed Information.

Yale University.
August, 1947.
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CHAPTER 1
INTRODUCTION

This Manual is intended to encourage greater use of accident
records and the development of additional uses for accident
prevention purposes.

The use of records of past accidents to guide future accident
prevention work is based upon the generally accepted premise
that accidents are caused by specific conditions and acts and
that, unless altered by safety activities, those same conditions
and acts will continue to cause traffic accidents. If accident
prevention efforts are spread over all highways, those which are
safe as well as those which are hazardous, and are extended to
all persons, those who are safe as well as those who commit
unsafe acts, the effectiveness of the accident prevention work
will be diluted and much effort lost. With limited facilities for
accident prevention, it is vital that the strongest efforts be
directed at the conditions and persons most in need of correc-
tion.

The Committee on Accident Records of the President’s
Highway Safety Conference selected the following key state-
ment as the highlight of its report:

“Every administrator—from governors and mayors down—
must recognize that records are not merely a by-product of
the traffic safety program, and must at every opportunity
employ records as an effective aid to the determination of
policies and to the economical expenditure of public funds to
produce maximum results preventing accidents.”

Past Uses or AccienNT Recorps
The automobile, almost since its beginning, has been involved
in accidents—collisions with other vehicles, pedestrians, or ob-
jects, as well as other mishaps. Early collisions were noted on
police blotters or in court records. In most areas, only fragmen-
I



2 USES OF TRAFFIC ACCIDENT RECORDS

tary information on a small portion of the early collisions was
recorded. Accident records were not used as an aid to accident
reduction until the automobile became a recognized accident
instrument.

Knowledge necessary for the use of accident records as an
aid in accident prevention has been available for years. Forms
have been developed, tested by use, and continually improved.
Procedures are well known by which good reports may be
secured, and successful methods have been developed whereby
good coverage of accident occurrence can be obtained. Useful
statistical analysis procedures have been evolved and used by
many accident-prevention organizations. It is regretted that
with this knowledge available, so few cities and states are util-
izing it fully in accident prevention. It is hoped that this Manual
will serve as an impetus to greater use of existing accident data—
especially for that group of cities and states which is making
little current use of these data.

Some cities and states which now are using accident records
extensively for accident prevention purposes may obtain from
this Manual ideas for improvements or changes in their pro-
grams. Cities and states which make only limited use of acci-
dent records should find suggestions for expansion of their pro-
grams. Those cities and states which make little or no use of
accident records should see in this Manual methods for develop-
ing the use of accident facts for effective accident reduction and
for the improvement of traffic flow.

StaNDARDIZATION OF Usks IMPORTANT

Some standardizaton of the uses of accident data is important.
With no agreement on standardization, comparisons of activities
between various public jurisdictions, interchange of informa-
tion on corrective measures, and rational expansion and im-
provement of methods cannot be properly achieved. On the
other hand, the forms and procedures used to develop practical
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information should not be frozen into patterns which prohibit
local adaptation and free experimentation.

How 10 EncourangE THE Usk oF AccimeNT RECORDS

Just as the process of reasoning can be arranged in orderly
fashion by a logician, so can a patterned plan of getting accident
record use be outlined. Other plans and approaches, varied as
human nature, will be apparent, but the following simple pat-
tern may be thought-provoking for those who now assume that
practical application of statistics will automatically follow their
tabulation and publication:

1. State clearly the administrative or technical traffic problem
to be solved and list possible solutions.

2. Consider what accident information will most likely help
to define the problem and to select the best solution.

3. Consider ways and means of getting the needed informa-
tion.

a. Is the information readily available from an existing
regular summary or special study?

b. If a special study must be made, exactly what informa-
tion will be needed and how should it be tabulated,
analyzed and presented? Fifteen minutes of planning and
thought at this stage may save ten hours of tabulation.

4. Present the information in the most concise, understandable,
and usable form possible.

A growing number of industrial and other organizations have
brought the statistician into policy-making groups, at least as
the fact provider, if not as a voting member. If the statistician
is familiar with the problems facing an organization, he can
develop the facts which will be helpful in working out the best
solutions. This pattern is equally applicable to accident preven-
tion agencies.

AccmenT StaTistics INvoLveE ReasoNiNG

Since accident information is largely statistical information,
it is well to consider what are “statistics.” One text book defini-
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tion is: “Statistics are classified numerical information on a large
number of cases.” But, this is not a definition which will help
point the way to increased use of accident information. T'wo
other definitions have been frequently quoted which, while not
in Webster’s best form, emphasize important points about sta-
tistics:

1. Statistics are go per cent common sense and 1o per cent
mathematics.

2. Statistics are useful numerical facts—if the numbers are not
useful, they are not statistics.

All too often in traffic accident work the importance of good
judgment, common sense, and honesty are overlooked as foun-
dations of good, useful statistics. The interpretation of statis-
tics must take account of non-numerical facts, as well as opin-
ions and observations. Accuracy is fundamental to the use of
accident information—errors in published information will soon
destroy confidence and when confidence in the figures is lost,
substantial use of the information is unlikely.

Most uses of accident information are based upon simple
mathematical operations. While some of the relatively advanced
statistical techniques have an application in the field of traffic
accident prevention, and it is, therefore, always well for the
accident statistician to be familiar with all techniques in the
field of statistics, the frequent use of advanced statistical tech-
niques has not been found necessary for most practical work
with accident facts.

LivrraTions oN AccipeNT Recorp Use

Maximum use of accident records is more likely if the limita-
tions on accident records are recognized. The application of
accident records to prevention problems is not a “cure-all.”
Sometimes there may be too few accidents of a particular char-
acter or at a specific location to warrant conclusions. At other
times it will be found that the need for certain accident infor-
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mation was not foreseen and that it was not collected, or not
tabulated. Sometimes the type of information on accidents
which is really needed cannot be collected from drivers or in-
vestigators because it involves events which cannot be readily
measured or classified. Then too, accidents may not be the
entire story of a particular transportation problem; congestion
and other factors must be considered. But, accidents are an evi-
dence of a transportation problem, and accident records can
be an effective tool for the development of policy and action.

Even when accident statistics are adequate, technical ability
is required to convert the results of the analysis into definite
recommendations for most effective and economical remedies.
Trained traffic technicians must study accident problems and
relate them to all transportation factors. Accidents, unfortun-
ately, are only a part of the required investigations.

Remedial treatments must not only reduce or eliminate acci-
dents, but they must also permit an acceptable movement of
traffic. The technician who has an appreciation of traffic re-
quirements and knowledge of safe principles is indispensable in
the treatment of accident problems. Guided by accident rec-
ords, he learns where to look for accident causing factors and
where to expend his efforts most effectively. He knows that
remedial treatment based on accident facts is less subject to
personal bias, and that measurement of results through “before”
and “after” accident studies establishes specific yardsticks for
safety principles and standards.

ReLaTION OF AccibENT INFORMATION TO OTHER STATISTICS

To get a complete picture of accident causes and circum-
stances, it is often desirable to relate the accident information
to other data, particularly the frequency of exposure to acci-
dents of certain individuals, or of the population generally. For
example, the number of miles vehicles are driven is a basic
measure of exposure to accidents. Consequently, the tabulation
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of accidents by the age of drivers involved is more valuable
if information on the number of miles driven by drivers in
each age group can be set down in an adjacent column and rates
by age groups calculated. Frequently, accident record bureaus
fail to relate their accident tabulations to other existing tabula-
tions. For example, the accident record bureau publishes a tabu-
lation of accidents by hour of day and by county; arrests by
hour of the day and by county are tabulated and published
by another unit; and, the two tabulations are never brought
together in a single study. The accident statistician should be
alert to add comparative and supplemental information wher-
ever possible.

While accident rates are highly desirable as a means of deter-
mining whether there is more hazard per unit of exposure in
one circumstance than in another, neither accident rates nor the
absolute numbers of accidents are in themselves complete pic-
tures. For example, important information is available if it is
known that the accident rate for drivers under 20 years of age
is three times as high per unit of travel as the rate for drivers
25 t0 44 years of age. On the other hand, if only 4 per cent
of the accidents involved drivers under 20 years of age and if
55 per cent of the accidents involved drivers 25 to 44 years of
age, it is obvious that the total number of accidents can be
materially reduced only by proper attention to the 25 to 44
year age group. Similarly, if a given location has 15 accidents
during a six-month period, it is important that the engineer
analyze conditions and causes to see whether a remedy can be
effected, and this would hold even though the traffic volume
through the intersection were such as to make it a reasonably
safe intersection per vehicle using the intersection. Another
intersection with a single accident might have a terrifically high
rate in terms of exposure, but an equal amount of attention to
that location would not pay as great a dividend as at the loca-
tion with a large number of accidents and a large traffic volume.
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In accident prevention work, absolute values are often more
important than accident rates.

Anavysis Trcunioues Must Be Broap

A brief classification of analysis procedures is helpful in con-
sidering whether an accident record program is employing all
available procedures with proper balance, or whether it has
devoted itself exclusively to just a few types of analyses. The
enumeration of types of analyses is also helpful in understand-
ing the suggested analytical methods in the various fields of
accident prevention.

The following list will serve to classify roughly accident
facts, although there can be no sharp lines of demarcation be-
tween the various groups:

1. Mass tabulations, such as the overall monthly summary for
a city or state.

2. Selective mass tabulations, such as a mass summary of all
accidents, involving truck drivers.

3. Highly selective tabulations such as a worst corner list, or
a tabulation of accidents by hour of day along a particular
stretch of road.

4. Individual cases, such as an analysis of each of four acci-
dents which have occurred at a particular corner, or a
detailed study of three serious school bus accidents.

This classification of analysis techniques will be seen to bear
a general relationship to the purpose for which accident infor-
mation is collected—for background or for specific problems.
If an accident record bureau is using highly selective tabula-
tions only, it may very well be bringing accident information
to bear on specific problems, but is probably not developing
proper background information for all members of the depart-
ment and for other official agencies. Similarly, if a department
is preparing only mass tabulations, its product may be valuable
- as general background information, but is not particularly useful
for guidance on specific problems.
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A brief description of some of the most frequently used
analytical tools will be found in Chapter IX. Some of them, such
as collision diagrams, spot maps, accident rates, and worst loca-
tion lists, are so common in accident records work, that descrip-
tions are hardly necessary. On the other hand, work with acci-
dent expectancies, statistical correlation, and other mathematical
techniques are not used generally, and are only mentioned
briefly in this Manual.

ARRANGEMENT OoF MANUAL

To discuss specific uses to which accident data can be put,
the established accident prevention functions have been selected
as the logical chapter headings, i.e. Administrative and Policy
Uses of Accident Records, Enforcement Uses of Accident
Records, Engineering Uses of Accident Records, Educational
Uses of Accident Records, Motor Vehicle Administrators’
Uses of Accident Records, Motor Carriers’ Uses of Accident
Records. An alternate method of discussing uses according to
the components of highway traffic, i.e., roadway, driver, and
vehicle, was considered and discarded because of the tremend-
ous overlapping which would be developed.

Numerous exhibits and illustrations are included to make
the material as practical and current as possible. It will be noted
that many materials dated before 1942 are used. These are the
best available examples, since the war period did not produce
good illustrations of other than emergency conditions. It is not
possible to illustrate all the uses of accident data, but it is hoped
that the uses listed will suffice to suggest the more important
approaches and fields of action in traffic planning, construction,
and regulation. The selected illustrations should suggest many
others.

A selected list of references has been included at the end of
each Chapter. Those desiring more detailed information should
review these materials.



CHAPTER 11

BASIC REQUIREMENTS FOR ACCIDENT RECORD
USES

Care must be taken that the reporting and analysis system is
complete and accurate if it is to contribute to 2 maximum reduc-
tion in accidents. Incorrect procedure, together with errors in
interpretation due to carelessness or ignorance may give data
which, if used, will destroy public and official support of the
community or governmental agency in further use of accident
records in accident prevention. This, naturally, hinders the en-
tire program. Some of the basic requirements for successful
accident record use are discussed in this chapter.

Good record systems, once established, have always proved
their worth even though the expense of the system is justified
only to the extent to which the information is used. Except for
future utilization, a wealth of accident information cannot help
in the battle against accidents if it is “pigeon-holed” in the
accident bureau.

ApEQUATE AccipENT REPORTING REQUIRED

A high standard of accident reporting is the principal pre-
requisite for the use of accident records. If the original acci-
dent reports themselves are poor, the analysis and results from
their use must also be poor. Good reporting alone, however,
does not guarantee good records; the analysis and use of even
good accident records is no small task—inaccurate, incomplete,
and too few records make the job of analysis insurmountable
and the resultant data are vague, misleading, and often useless.

Studies made from the reports of fatalities alone will repre-
sent a very small per cent of the accident total. Since the num-
ber of fatalities is small at the city and state level, little con-

9
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fidence can be placed in the results obtained merely from fatal-
ity reports. Unfortunately, however, fatal accidents are the
only accidents on which nearly complete and accurate reports
are now available on a nation-wide basis and in some states.

The ideal reporting system would embrace information on
all traffic accidents. This level has not been, and probably never
will be attained, but as it is approached, better and better results
are achieved through the use of accident data in accident pre-
vention and traffic facilitation.

Table I shows the number of accidents of various types re-
ported in a state with good collection procedures; urban and
rural areas have been separated.

TABLE It
Trarric AccipENT Torars 1N STaTE WitH Goobp REPORTING
PERSONAL PROPERTY
TOTAL FATAL INJURY DAMAGE
LOCATION ACCIDENTS  ACCIDENTS  ACCIDENTS ACCIDENTS
Urban 47,496 320 9,616 37,560
Rural 21,150 569 6,118 14,463
Statewide 68,646 889 15,734 52,023

Data furnished by Indiana State Police—1946.

ReporTING LAws DirrFer BETWEEN LocCALITIES

Uniform reporting laws are desirable if sound comparisons
are to be made involving areas under different jurisdictions.
Some common inconsistencies allowed within existing reporting
requirements which affect the validity of statistical comparisons
are:

(2) Some reports may be verbal, some written, some brief,
some detailed.

(b) They may come from drivers, investigating officers,
garages, coroners, or hospitals.
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(c) They may come immediately after the accident, “as soon
as possible” after the accident, 24 hours after, 48 hours
after, or any time within 10 days or more.

(d) They may be rendered to the State Police, Motor Vehicle
Department, State Highway Department, Secretary of
State, City Police. (Frequently the emphasis on various
items of the report varies to favor the department col-
lecting the data).

(e) They may be made for fatal accidents only, for fatal
and injury accidents, for fatal, injury and property dam-
age accidents. Minimum property damage requirements
may range from “any damage” to as much as $100.00.

The Uniform Motor Vehicle Code? recommends reporting
standards for states; the Model Traffic Ordinance? recommends
similar standards for municipalities. These provide that written
reports be rendered, within 24 hours, on accidents resulting
in death, injury, or total property damage of $25.00 or more.
If these standards were adopted everywhere, there would be
increased possibilides for accident record comparisons.

It is recognized that certain accident collecting agencies have
different collection problems and that requirements must be
altered to fit conditions. For example, the Bureau of Motor
Carriers, Interstate Commerce Commission, cannot hope to
obtain adequately prepared reports within 24 hours, but states
and municipalities can and should receive these reports within
a relatively short time limit.

Anavysis Amep By Stanparp Rerort Form

In any well-managed accident records system, complete and
accurate reports must be sought. The Committee on Forms and
Statistical Practices of the National Conference on Uniform

“National Conference on Street and Highway Safety, Act V: Uniform Act
Regulating Traffic on Highways. Washington, D. C., U. S. Government Printing
Office, 1945.

¥National Conference on Street and Highway Safety, Model Traffic Ordingnce.
Washington, D. C, U. S. Government Printing Office, 1946.
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Traffic Accident Statistics has prepared an accident report form
which has been recognized as a national standard for many
years. The form is now being revised in an effort to delete all
extrancous and unnecessary schedules and data, but the basic
items are sure to be retained. The present form, Figure 1,
when properly filled out, contains information needed by not
one, but by all public agencies—police, educators, engineers,
highway and traffic administrators, motor vehicle departments,
and others. Some cities and states continue to use forms which
are too brief; some ask for too much information; some do
not request the right type of information; some confuse the
drivers; and some forms are so dissimilar as to hinder compari-
sons of data between areas. This confusion is eliminated by
use of standard forms.

A further advantage of standard forms lies in the fact that
they lend themselves readily to punch card analyses through
use of common statistical codes.

Precavtions Must Be TakeN To INsure ComPLETE REPORTS

An agency which has just started using accident reports, or
is planning to start a new program of accident report use, often
finds the basic reports incomplete or too general, making it
difficult or impossible to conduct desired studies. Not only
should the collecting agency make sure that reports are com-
plete and correct, but an educational program may have to be
established to inform the public as to the importance of, and
the proper method for, completing accident reports, Figure
2. Upon discovery of an error or omission upon receipt of
an accident report, a marked blank should be sent to the
originator showing the omission or error, with a request for
completion. Further follow-ups may be necessary in a small per
cent of cases.

One of the most difficult problems in accident reporting is
to describe adequately specific locations of accidents. This is
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(Front only).
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particularly true in rural areas where intersections and identify-
ing landmarks are often far apart. In some states, roadway
station numbers are used in place of lengthy geographic loca-
tion descriptions. While it is desirable to have 100 ft. station
markers, there are few localities where they are available, so
the existing landmarks have to serve.

PROTECT YOURSELF
NOTIFY POLICE IMMEDIATELY AFTER ACCIDENT
THEN SUBMIT WRITTEN REPORT

Courtesy National Safety Council.
FIGURE 2--Prompt Report of Accidents Essential.

A simpler method which has been successfully used by
highway patrolmen in several states is the “Road Log.” The log
is made from field studies and a duplicate copy is furnished the

“accident records bureau. Locations of accidents and enforce-
ment actions are referred to the log. The log is simply a strip
map of a road section with identifying roadside features, in-
dicated in distances from the starting point.

In city work, it is practical to use house numbers to locate
mid-block accidents and intersectional locations are readily
established by intersecting street names.

SuPPLEMENTARY RECORDS oF AccmenTs SHourp Be UtiLizep

Accident records and summaries from outside agencies should
be utilized either separately or in combination with local rec-
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ords. ‘The following is a partial list of supplementary sources
and suggested uses:

(2) National accident facts such as those furnished in “The
Annual Summary of Motor Vehicle Accident Fatalities,”
published by the National office of Vital Statistics, and
in “Accident Facts,” published by the National Safety
Council, can be used as standards with which to compare
local experiences. This comparison may reveal unfavor-
able rates or trends in general accident experience; age
and sex groups having large numbers of fatalities; cor-
relation of types of accidents with time and place of
accident; and other significant facts.

(b) State records can be used by cities to compare local trends,
or in some cases to take the place of local records if there
is no local collection agency.

(c) School authorities may furnish data involving school-child
accidents.

(d) Commercial fleet operators may provide accident facts
relating to commercial vehicles.

(e) Transit companies may provide accident data in detail as
concerns mass transportation.

(f) Insurance companies may provide general accident infor-
mation.

(g) Newspapers may report specific accidents and hazards, or
provide leads to individual accidents.

Vorume oF REporTs NECESSARY TO SHOW ACCIDENT PATTERN

Accidents occur under 2 great multiplicity and complexity
of conditions. Therefore, relatively large quantities of accident
reports must be analyzed, before a definite pattern of factors
can be established on a statistical base. Reports on a few sensa-
tional accidents may be of value in traffic safety education, but
volume, regardless of severity, is necessary to indicate hazards
and the need for specific preventive measures to reduce the
chance for recurrence of accidents. However, detailed investi-
gation of a relatively small number of accident cases will serve
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to suggest hypotheses which may be tested later by more de-
tailed statistical study.

CenTRAL AcciENT RECORDS AGENCY DESIRABLE

To prevent duplication of efforts and waste of public funds,
only one public agency within a given governmental jurisdic-
tion should be charged with the collection and analysis of acci-
dent data. This requires a central accident records bureau, both
in states and in cities. The bureau should prepare routine reports
and should make special studies for engineering, enforcement,
education, and all other official agencies responsible for the
reduction of traffic accidents. The accident record files should
be made available to those official agencies desiring to study
individual reports for accident prevention purposes.

When all accident information is retained in the central
bureau and when all accident analyses are made by the bureau,
regardless of their uses, the quality and quantity of useful
processed data for use in accident prevention can be easily
controlled.

A plan which involves the placement of representatives of
accident fact-using agencies in the central bureau has met with
considerable success in some departments. Representatives of
the interested agencies work on the analyses, intended for their
departments, under the supervision of the central bureau. This
system provides clerks for the usual routine, yet insures more
than casual interest in the problems, studies, and research
peculiar to the parent agency. The bureau should have com-
petent leaders capable of maintaining a high quality of work
and statistical technicians to assist. It must also maintain close
cooperation with other organizations and departments inter-
ested in accident prevention if it is to function effectively.

Traffic enforcement, engineering, and education agencies
have diverse uses for accident information. Analyses should
be made only after collaboration with the interested agencies
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so that the summary will include all relevant information. In-
terpretation of the analyses should be undertaken by all agencies
engaged in traffic accident prevention. Each agency should
coordinate its activities with the overall safety program accord-
ing to a policy jointly conceived and executed.

QuaALIFIED AcCIDENT RECORDS PERSONNEL

The person in charge of accident analysis should be either a
trained statistician or a person with considerable experience in
traffic accident prevention, who is willing and able to master
the simple mathematics usually involved in accident record
work, and who is willing to acquire additional information on
the more or less advanced statistical techniques which can be
used from time to time and which should always be available
to check against statistical misrepresentations. Even though the
person in charge of accident record work is a trained statistician,
he needs to understand the basic techniques of accident preven-
tion as well as the specialist in the field. On the other hand, if
the person in charge of the record work 1s experienced in traffic
accident prevention, expert advice and consultation on statis-
tical techniques should be made available to him for proper
exploitation of the available records.

ApEQUATE AcciDENT ANALYSIS SYSTEM REQUIRED

Accident records provide a much greater amount of informa-
tion than it is practical to place on routine summaries. New
methods for the application of this information in the deter-
mination of basic accident causes are continually being devel-
oped through special analyses. Accident bureaus should never
cease in their efforts to glean every possible bit of useful infor-
mation, regardless of the agency it will benefit most.

Accident reports from drivers and investigators must supply
the necessary raw data for analysis. The facts obtained are ade-
quate for practically all studies if the report forms are at least
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as detailed as the standard form,* and if the state or city has
achieved relatively complete and accurate reporting. Therefore,
with adequate qualified personnel, useful and accurate accident
analyses may be prepared when the following requirements are

met:
(2) An adequate central accident record agency exists;

(b) Methods of tabulation are rapid and detailed;

(c) Routine summaries are issued on significant factors;
(d) Special summaries are readily obtainable; and

(e) Mechanics of analysis are comprehensive and standard.

ComparisoN ReEqQuires Stanparp DErmNTiON oF TERMS

In order that accident statistics and situations may be coms-
pared, it is necessary that they be prepared with uniform inter-
pretations of terms. To assist in obtaining desired standardiza-
tion, the Committee on Definitions of the National Conference
on Uniform Traffic Accident Statistics has prepared a Manual
of Definitions.® This manual not only defines types, but also
establishes classifications for motor vehicle accidents.

Receipt aAnp HanDLING OF REPORTS

The source of most city accident reports is the police. Re-
ports may either be filled-out as the result of a police investiga-
tion, or they may be prepared at police headquarters, based on
drivers’ and witnesses’ statements. The practice of preparing
final accident reports from newspaper clippings, telephone calls
and other unofficial sources of information is not recommended
as the data are never complete and are often inaccurate, but
partial reports should be prepared from this information and a

*Committee on Forms and Statistical Practices of the National Conference on
Uniform Traffic Accident Statistics, Motor Vebicle Accident Report Form.
Washington, D. C., 1943.

°U. S, Department of Commerce, Uniform Definitions of Motor Vebicle Acci-
der{ts_‘. V)Vashington, D. C. U. S. Government Printing Office, 1942 (in process of
revision).
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“follow-up” started so as to obtain the complete report through
normal channels. -

In many states a large percentage (75 per cent or more) of
the accident reports come directly from drivers to the central
records bureau. In these cases, where there is no intermediate
collection agency, the function of insuring satisfactory report-
ing coverage, as well as completeness of individual reports, is
of increased importance. This is particularly true in sparsely
populated states and areas that are largely rural.

Accident reports received in the central accident bureau
should first be reviewed for completeness. When inconsistency
or gaps in a report appear, the errors should be referred for
correction to the person making the report. Two or more
reports on one accident must be checked against each other and
any differences, other than personal opinion, adjusted. After the
reports are edited, the information on each report is transferred
in code to a punch card, if the mechanical tabulation method is
used, or to a tally sheet. A typical state code sheet is shown in

Figure 3.

_ STATE OF MiNNESOTA - DEPARTMENT OF HIGHWAYS
L D COBED BY e SAFETY DIVISION U

FIGURE 3—Typical Accident Code Sheet
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Some agencies have very

—J — =
v —— detailed codes which permit
O M _ the recording of directional
analyses, and other informa-
— = = tion not usually coded. The
= — Oregon Highway Depart-
/L ment, for example, codes data
— Tl w which permit the construc-
O%' h&— — tion of accident collision dia-
éﬁ’vﬂ_ grams directly from tabu-
z T lating cards, see Figure 4.
£ s — The accident reports are
N . - usually filed by “location,”
LT under a system of main
o JIRL o streets, or routes, divided by
T‘*_ ntersecting streets and house
— ) — numbers. Reports of rural
Courtesy Oregon State Highway Depr. accidents are similarly filed,
FIGURE 4—Page from Collision Dia- except that the filing system

gram Manual. Coding and De-Coding

of Collision Diagrams is Facilitated. may be based on main routes

and distances from reference
points along the routes, or on arbitrarily selected highway sec-
tions. The punched cards, Figure 5, when filed, are generally
grouped by areas or districts without regard to exact location.
Both reports and cards are usually separated chronologically.
Complete details of accident record bureau procedure are to
be found in National Safety Council publications.®

Coding, filing, and preparation of regular summaries should
be carried out on schedule to prevent the accumulation of
unprocessed reports. Enough additional personnel should be
provided to allow for special summaries as required; many states

®National Safety Council, Manual on State Traffic Accident Records. Chicago,
The Council, 1946.
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FIGURE 5—Typical Punch Cards Used to Tabulate Accident Data,

and cities develop special analyses and summaries regularly such
as the location analyses indicated by the form shown in Figure 6.

Reconciliation of fatal accident reports with the State Bureaun
of Vital Statistics records should guarantee complete coverage
of all traffic deaths. Use of inter-departmental transcripts for
motor vehicle accident deaths makes such reconciliations easy
in a state. The special four-part transcript of the National Office
of Vital Statistics is strongly recommended for use by states.
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STATE OF ORIO DEPARTMENT OF HIGHWAYS
DIVISION OF TRAFFIC AND SAFETY

ACCIDENT ANALYSIS

b T Report Now—smesmrin
Location—SR County, S.H. Sec.
oATE | spvemre Jwen | oRIVERS
LOCATION OF ACCIDENT ﬁ;{ - Locx;lcN — REMARKS
Tine ® {1 leos| &4 Dir. [speca| Contition Vistations
LEGEND
TYPE OF ACCIDENT SEVERITY
A—Sideswipe F~Turning Movement K—Killed
g SRR TR e D
car- —Ran OF Rordway D
D~Pedestrian I—Other Noncollision pesty
‘B—Angie J—Miscellinsous

FIGURE 6—Form for Special Location Analysis of Accidents.

A detailed, step-by-step procedure for handling and process-
ing accident reports is shown in Figure 7.7

The completeness of coverage of accident reporting may be
roughly checked with ratios of fatal, injury and property dam-
age accidents established on a national basis by the National
Safety Council. However, it must be recognized that these ratios
vary for different locations, traffic and physical conditions.

Basic Facrors Derivep 1N Using AcciENT REPORTS

As previously indicated, two of the undesirable by-products
of vehicular traffic are accidents and congestion. While accident
records deal directly with the former, they do not always give

"National Safety Council, Public Safety Memo No. 78, Part XV, Chicago, 1942.

Condensed Flow Sheets are available from the various state accident records
bureaus.
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a true measure of congestion. In fact the most serious accidents
often occur when traffic volumes are light. Although an increase
in the number of cars on a route increases the possibilities of
conflicts, congestion frequently causes an increase in caution
and a decrease in speed. Mishaps under congested circumstances
are often restricted to minor collisions.

ACCIDENT RECORD BUREAU FLOW SHEET
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FIGURE 7—Recommended Steps in Collection and Analysis of Accident Records.

The effective use of accident information must take into ac-
count the following:

Failures in Traffic Operation Shown by Accident Records.
While accident reports do not accurately reflect traffic con-
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gestion, they do manifest failures in traffic operations which
result in mishaps. They indicate operational failures on the
part of the driver, the vehicle, and the roadway. These failures
are the ones which cause loss of life, injury, and damage to
property. For this reason, the mishaps are of greater concern
to public traffic agencies and to the public than are the factors
responsible for congestion.

Accident Reports Indicate Apparent Causes and Suggest
Cures. Accident reports indicate causes of accidents. They
reveal how these causes may best be eliminated through traffic
safety education, enforcement and engineering. Summaries of
accident circumstances will show the over-all importance of
various causes within an area. Comparisons of accident rates
for different areas indicate the results of accident prevention
activities. Accident trends point out the need for special pre-
ventive work. Accident location studies are aimed particularly
at the correction of high accident locations.

Accident records should be used as the basis for planning
all accident reduction programs. When the program is based
on accident facts, funds and manpower can be expended most
effectively in accident prevention work.

Accident Reports Indicate Size of Accident Problem. The
size of an accident problem in terms of location, time, or type
is indicated by the volume of accident reports. However,
reporting coverage must be checked before the size of the
problem can be taken as authentic. Also, care should always
be taken to relate accidents to exposures.

SUPPORT BY | RAFFIC ADMINISTRATORS

The backing of traffic administrators is essential for the ef-
fective operation of an accident records bureau. Without the
support of administrators, the bureau cannot function effec-
tively, and without the studies and summaries of the bureau,
the traffic administrators cannot plan, operate, and evaluate the
accident prevention program except on a “hit-or-miss” basis.
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CHAPTER III

ADMINISTRATIVE AND POLICY USES OF
ACCIDENT RECORDS

The traffic administrator has three principal ways in which
he can use accident records; first, in the inauguration and oper-
ation of an accident prevention program; second, in the meas-
urement of the effect of the plan by comparing current
performance with previous records and with records of similar
jurisdictions, or with national averages; and third, in the devel-
opment of support for the program and justification for the
expenses involved.

MEASUREMENT OF THE IMPORTANCE OF
TrarrFiCc SAFETY PrOGRAMS

Vital statistics for the nation show that traffic accidents were
the greatest cause of accidental deaths during 1941, the last year
in which traffic was unaffected by the war. For the years 1943,
1044, 1945, and 1946 traffic deaths were exceeded only by
accidental deaths in the home, as shown in Table II.

TABLE 11
Principar CAuses oF AcCIDENTAL DEeaTusS

MOTOR PUBLIC EXCEPT

YEAR HOME? VEHICLE  MOTOR VEHICLE? OCCUPATIONAL?
1041 30,000 39,969 15,500 18,000 .
1943 33,500 23,823 16,500 17,500
1044 32,500 24,282 15,000 16,000
1945 33,500 28,076 16,000 16,500
1946 34,000 33,500 17,000 16,500

8National Safety Council, Accident Facts. Chicago, Illinois, The Council, 1942,
1944, 1945, 1046, and 1947 (condensed edition.)

“Excluding military personnel.
27



28 USES OF TRAFFIC ACCIDENT RECORDS

Figures for a state or city are just as revealing and suggest
local comparisons, similar to national comparisons, to show
relative importance of local accident causing factors.

MEeasureMENT OF CALIBER OF JoB

A valuable use to which a traffic administrator may put acci-
dent records is in the measurement of the caliber of the job
performed. The measurement may be obtained by a compari-
son of past and present accident rates. Comparison of accident
figures for similar areas are revealing. Such comparisons must
be made with care so that comparable figures will be developed.
Many types of forms and summaries have been developed for
cumulative and other comparisons; one is shown in Figure 8
and another in Table III.

Sometimes it may be possible to compare the relative effec-
tiveness of various parts of the program. Thus, the night acci-

CUMULATIVE MONTHLY MOTOR VEHICLE ACCIDENT TOTALS
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FIGURE 8—Form for Showing Latest Available Accident Figures. May Be Used
for Counties, Cities, or Other Designated Areas.
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dent problem may have been greatly influenced by improved
street lighting, a function of the engineering branch. Certain
types of accidents might have been reduced more than others,
such as by increased enforcement, Figure g. It is generally
difficult, if not impossible, however, to distinguish the con-
tributions made by a single agency to a change in accident
experience. It is not feasible in most cases, therefore, to attempt

TREND OF TYPES OF ACCIDENTS
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to measure the performance of a single department, section,
or individual. The work of all is interrelated.

MEASUREMENT OF SAFETY ProGRaM PROGRESS

In order to evaluate the progress of accident prevention
activities, it is desirable to compare accident experience in dif-
ferent areas for the same period of time, or in the same area
for comparable current and previous periods of time. Accident
toll fluctuation, however, is not an accurate barometer of the
effectiveness of accident prevention work unless account is
taken of accident exposure. Exposure may include volumes of
vehicular and pedestrian traffic, density of the traffic on the
road, general characteristics of the road system, and other fac-
tors over which traffic officials do not have control. For exam-
- ple, national records show that motor vehicle fatalities in 1943
dropped 4o per cent below the total for 1941. But traffic mile-
age decreased 33 per cent during the same period, so the records
for the two years were about the same after adjustment for
exposure.*

Measurement of the progress of the safety program for a
city may likewise be made. For example, in 1944 the City of
Milwaukee!* experienced 31 traffic deaths, an improvement
over 49 traffic deaths in 1943. In this case traffic mileage changed
but lictle, therefore, the improvement reflects a real gain.

AccipEnT or DEaTH RATE FORMULAE

" Means of comparison are found in rates based on either deaths
or accidents and are commonly calculated for population,
vehicle registration, or mileage. Care must be taken not to con-
fuse death rate and accident rate figures as they are not com-

10National Safety Council, Aecident Facts, Chicago, Illinois, The Council, 1944.
p 24

National Safety Council, Accident Facts. Chicago, Ilinois, The Council, 1945.
p- 8.
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parable. Some of the more common accident rates are:

1. Population Rates—
Deaths X 100,000
Population

Death Rate (per 100,000 population) ==

For example, a city of 300,000 people experienced 5o traffic
deaths in one year, therefore,
0 X 100,000 _

Death Rate (per 10 opulation) = 3228 109000 __ ¢
ea ate (p 0,000 population) 100,000 16.7

Only official population data should be used. Such practices
as using unreliable annual estimates for a community, just to
“favor the case, are condemned. Also, population figures should
fit exactly the area for which accidents, or deaths are reported;
population figures for an entire metropolitan area should not
be used with accident figures for the corporate limits of a ciry.

2. Vehicle Registration Rates—

Death Rate (per 10,000 registered vehicles) =
Number of Deaths X 10,000
Motor Vehicle Registration

For example, a city with 80,000 registered vehicles experienced
74 traffic deaths within one year, therefore,
Death Rate (per 10,000 registered vehicles) =
74 X 10,000 =03
80,000

3. Mileage Rates

(a) Accident Rate (per million vehicle miles) =
Number of accidents X 1,000,000
13.6* X gallons of gasoline consumed for highway purposes

For example, a state experienced 40,000 traffic accidents and
used 800,000,000 gallons of gasoline in one year, therefore,
Accident Rate (per million vehicle miles) =
40,000 X 1,000,000
13.6 X 800,000,000

=37

*The National Safety Council recommends a statewide factor of 13.6 miles to
a gallon of gasoline; a 1946 figure which may change in other years.
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(b) Death Rate (per 100,000,000 vehicle miles) =

Number of Deaths X 100,000,000
13.6 X gallons of gasoline consumed for highway purposes

For example, a state experienced 200 traffic deaths and used
150,000,000 gallons of gasoline in one year, therefore,
Death Rate (per 100,000,000 vehicle miles) =
200 X 100,000,000 __ 8
13.6 X 150,000,000 o

The relation between mileage death rates, mileage, and deaths,
is illustrated by months in Figure ro.

SEASONAL VARIATION INDICES. OF MOTOR VEHICLE

Do A DEATHS, MILEAGE AND MILEAGE DEATH RATES
140

BASED UPON THE YEARS
130 1934 THROUGH 1941
DEATHS
120 .
MILEAGE
1o .
100
90 MILEAGE
DEATH RATE
80
10

6°JAN. FEB. MAR. APR, MAY JUNE JULY; AUG. SEPT. OCT NOV, DEC,
From: Repors of President’s Highway Safety Confernece

FIGURE 10—Average Monthly Trend in Vehicle Miles, Traffic Fatalities, and
Mileage Death Rates.

(c) Accident Rate for a Route (per million vehicle miles) =

Number of accidents X 1,000,000
Volume of traffic X route length
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For example, a route 1o miles long experienced 18 accidents
in a year, and the daily average volume of traffic was 2300
vehicles, therefore,
Accident Rate (per million vehicle miles) =
18 X 1,000,000 __ -

2300 X 365 X 10 -

Because fatalities are faithfully reported in practically all
localities, death rates are commonly used, but where reporting
is uniform and where the degree of reporting is consistent acci-
dent rates are preferable. City figures are usually computed both
by population and by vehicle registration. Computations based
on mileage are best for comparisons, but, unfortunately, reliable
mileage figures usually cannot be obtained for areas smaller than
states. Mileage data for routes can, of course, be obtained.

Comparisons for cities based on population were found to be
inaccurate during the war years as large war industries forced
shifts in population which were not recorded by census counts.
Annual counts of automobile registrations were more accurate
and were therefore introduced in many areas as a basis for acci-
dent rates.

AccmenT Rates DEPEND ON ASSUMPTIONS

The previously described population, vehicle registration,
and mileage rates are most generally used by traffic accident
bureaus. Inasmuch as these rates provide a means of taking into
account some traffic exposures, comparisons of accident ex-
perience are possible, but the accuracy of the comparisons, as
well as of the rates themselves, depend upon the following
assumptions: :

(a) Traffic accident exposure varies directly with the population.

(b) Traffic accident exposure varies directly with the number of
registered vehicles.

(c) Traffic accident exposure varies directly with vehicle miles
of travel.
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These assumptions are obviously not entirely correct as they
do not take traffic concentrations into consideration. It is rea-
sonable to assume that more accidents would occur in one juris-
diction than in another jurisdiction which had the same number
of people, but where less use was made of motor vehicles, or
which had twice the road mileage of the first but with the same
motor vehicle mileage. Furthermore, these assumptions cannot
be entirely correct because a portion of all accidents, namely
the two-car collisions, theoretically vary as the square of the
traffic volume. Likewise, the activity and concentration of
the pedestrian must be considered as a separate factor.

Although these accident rates are dependent on assumptions
which are known to be in slight error, they are the best rates
now developed. In practice they work out well because many
of the effects of the variables encountered are compensating.

New MeTHODS OF EVALUATING ACCIDENT EXPOSURES—
DEVELOPMENT OF ACCIDENT EXPECTANCIES

Accident expectancy may be calculated by the evaluation of
important elements in accident causation in reported accidents
and in relating them to future conditions. Accident expectancy
may also be revealed by forecasting the accident experience of
the future, based on the experience of the past by an extension
of trends. It is reasonable to expect that if accidents have oc-
curred under certain conditions in the past, nearly the same
number of accidents will occur in the future under similar con-
ditions.

Two promising methods of evaluating accident exposures
have been developed recently. These lead to the calculation of
accident expectancies for given conditions .

Exposure to Two-Vebicle Collisions Varies as Square of
Volumes. On a given highway system, the opportunity for
single-vehicle collisions is directly proportional to the traffic
volume on the highway. This is not true, however, for two-



36 USES OF TRAFFIC ACCIDENT RECORDS

vehicle collisions. The opportunity for such accidents is assumed
to vary as the square of the traffic volume. Thus two vehicles
passing two other vehicles create four chances of collision, while
four vehicles passing four other vehicles offer 16 chances for
collision.

It becomes possible, therefore, to calculate from one year to
another, the accident experience that might be expected in the
sccond year on the basis of traffic volume changes. The prin-
ciple obviously does not apply if there were accompanying
changes in the highway system which concentrated or dis-
persed the traffic. The method worked well, however, during
the years from 1941 to 1945, when highway building in the
nation was at a low point and when traffic volume changes
were sharp.'?

Since street mileage within a city does not change materially
from year to year or even over a period of years, this method is
particularly applicable to cities. The difficulty in applying the
method to cities is that accurate traffic volume figures are seldom
available for the city as a whole. An example of the application
of the principle to cities is found in a study made in Detroit,
n 1944. Here traffic volumes were secured and certain indices
assumed for pedestrian traffic. A calculated accident experience
was compared with the actual accident experience, and the
difference was recognized as progress, or lack of progress, in the
accident prevention program.?

Other Factors Than Exposure Effect Traffic Deaths. 1t is
quite reasonable to assume that other things being equal, the
number of persons killed will vary directly as the exposure.
Even if the exposure could be accurately computed for each
state there would, however, still be substantial differences in
the accident rates. Factors such as education, enforcement, con-

"?The use of such calculations is illustrated on page 79 of Accident Facts (1945
edition) published by the National Safety Council.

¥Zechiel, A. N. and Baldwin, D. M/—Exposing Accident Exposures. Public
Safety, June 1944, Chicago, Illinois. National Safety Council.
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dition of the highway, etc., have their effect on the accident
rate. By the process of multiple correlation, it is possible to
determine the effect of each of these various factors. Knowing
the effect of these factors it is possible to calculate for a given
state the expected death rate.

In giving credit to enforcement and educational agencies,
it is not fair to penalize them for a bad death rate because of
physical factors over which they have no control, such as the
condition of the highways or the amount of driving.

In order to determine the effect of various fixed factors, an
analysis was made correlating each of several factors with the
population traffic death rate for the various states. These cor-
relations are given in Table IV.1* A correlation of 0.00 indicates
no correlation while a correlation of 1.00 indicates a perfect

TABLE 1V
RELATIONSHIP OF 1941 TRAFFIC DEATH RATE To VaRIoUs FACTORS

CORRELATION WITH

FACTORS STUDIED TRAFFIC DEATH RATE
Gas consumption per capita for 1941 0.62
Percentage of population increase from 1930-1940 0.56
Surfaced highway mileage per capita—ig40 0.56
Percentage of increase in gas consumption—1940~1941 0.36
Vehicles per capita—1941 0.35
Percentage of highway mileage surfaced 1940 —0.34
Income per capita—1939 0.28
Highway mileage per capita—1940 0.23
Population per square mile—1940 —0.19
Percentage of population that is white—1940 —o0.11
Percentage of population that is urban—1940 —0.02
Percentage of population over 25 years of age with 4 years

or less of education—1940 —0.07
Percentage of persons s—25 in school—1940 —0.04
Percentage of population that is native born—1940 0.03

**Allgaier, Earl and Wood, Kenneth.—Predicting Traffic Death Rates. Highway
Research Board Proceedings, 1943, Washington, D. C. The Board.
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correlation or relationship. A minus sign (—) indicates an n-
verse relationship; that is, an increase in this factor is accom-
panied by a decrease in the death rate.

By taking out the most important factors from the above
table it is possible to construct a formula which will give the
expected death rate of each state, assuming other factors to be
equal. This formula for 1941 is as follows:

T = 0.16827(G) + 0.1933(P) + 1.3278(I) + 0.236(MS) -
1.9720(V) + 4217

Where:

T = Traffic death rate—persons per hundred thousand.

G = Gas consumption per capita in gallons per year.

P = Population increase 1930-1940 in persons per 100 persons.

I = Increase in gas consumption 1940-41 in gallons per 100 gallons.
MS = Percentage of mileage surfaced in miles per 100 miles.

V = Vehicles per capita.

The figure 4.217 is a constant and applies only for the year
1941. To make this formula apply to any other year substitute
the average value for all states for all of the factors in the for-
mula and from this determine the constant necessary to make
the formula true.

This formula may then be used to estimate what the expected
traffic death rate would be for each state. If a state has a
higher rate than expected, it may be assumed that this is due to
other factors not included in the formula such as enforcement
and education. If, on the other hand, the actual rate is less than
the expected rate, the enforcement and educational officials
deserve more than average credit. By using a procedure of this
kind, the traffic safety officials in states, where there are adverse
factors affecting the death rate, are not penalized for the factors
over which these officials have little or no control.

A similar procedure can be used for estimating the expected
pedestrian death rate.
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CosTs oF ACCIDENTS

Frequently the administrator will find that the conversion
of accident totals into cash values can be very effective. Justifi-
cation for budgets and expense of construction aimed at acci-
dent prevention becomes more easily understood when the acci-
dent records are totaled in dollars. There are several methods
of conversion in use today. Some states have developed their
own conversion factors to fit conditions found in their particu-
lar areas. The three most widely used conversion methods are
two developed by the National Safety Council'® and one pre-
pared by the National Conservation Bureau.

The National Safety Council methods are:

(1) A cost of $45,000 per death. This assumes that each death
is accompanied by 35 non-fatal injuries and 150 property
damage accidents (minimum $25.00 each). This method can
be used only when there were more than 1o deaths per city and
the year’s experience was normal (not more than the national
average 1.1 or 1.2 deaths per accident).

(2) With good reporting and over ro deaths a year, assume
costs at:

$11,500 per death.
$ 425 per personal injury.
$ 125 per property damage accident.
Method developed by the National Conservation Bureau:

(3) The Traffic Engineering Division of the National Con-
servation Bureau uses the values: §10,000 per fatality; $320 per
urban injury and $39o per rural injury; (medical bills and salary
losses not included) ; $130 per urban property damage accident
and $190 per rural property damage accident, both in the
reportable class over $25.00.

Adjustments may be in order in some localities if the costs,
particularly for injuries, are too high or low, or, if an increase

15National Safety Council, Unit Costs in Motor Vebicle Accidents. Chicago,
Tllinois. The Council, 1940.
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in average wages, associated with the increase in living costs,
makes a difference in the anticipated future earnings.

DevELOPMENT AND GGuIDANCE or ProGcram

Through accident analysis, the traffic administrator obtains
facts upon which the safety program should be based. These
facts determine the necessity of the program and supply a defi-
nite “yardstick” by which need for public support and the
expenditure of public funds can be measured.

Continuous analysis of accident facts should help the admin-
istrator guide the program into engineering, enforcement, and
educational channels wherever greatest need is evidenced by

accident trends.

EXPENDITURES FOR GRADE
CROSSING PROTECTION

ISF

PEDESTRIAN FATALITIES

N RURAL mus——\

NN

204~

FATALITIES AT RAILROAD
GRADE CROSSINGS

EXPENDITURES FOR
RURAL SIDEWALKS

NOTE:
FIGURES EXPRESSED IN PERCENTAGES REPRESENT PERIOD
JULY 1938 = JUNE 1937 ON STATE HIGHWAYS IN SOUTH GAROLINA

From: Proceedings, American Road

Builders Assoc., 1940.

FIGURE 11—Relationship of Grade
Crossing and Sidewalk Expenditures to

Motor Vehicle Accidents.

Conversion of accident
facts into an index of eco-
nomic loss should help the
city officials make convincing
arguments for enlarging
traffic  departments, con-
structing new roadways, and
making other needed im-
provements vital to the safety
program.

A comparison of the funds
spent to reduce various acci-
dent factors with the accident
record will show often an un-
balanced condition such as
the one illustrated in Figure
11.*® Allocation of funds must
be made in accordance with

the need for correction,

Committee on Analysis of Accident Data, American Road Builders’ Associa-

tion, 1940 Proceedings, Chicago, Illinois.
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Prace or AccipeNT vs. Prace or Deaty

Many accident records bureaus find it important to study
the relationship between the places at which accidents occur and
places of deaths. This gives the administrator a measure of the
hospital, first aid, and medical facilities that should be available
In various communities. New York State, for example, develops
regularly information showing, (a) place of death, (b) place of
occurrence of accident, and (c) residence of the victim,

"These comparisons also are of use in checking records of vital
statistics bureaus against those of accident records bureaus.

LecisLation REQUIREMENTS

The accident record may often demonstrate to the adminis-
trator the need for new, changes in, or repeal of, old legislation.
- Suggestions and recommendations by the administrator,, are
often easier to “sell” if the relation to the accident record is
indicated. For example, recommendations for legislation on
speed control obviously should contain a reference to speed
and severity of accidents.
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CHAPTER 1V
ENFORCEMENT USES OF ACCIDENT RECORDS

The use of accident records in police departments is not new,
but greater and more widespread use is warranted and desir-
able. Departments in which their use is accepted give a large
share of credit for their success and efficiency to accident rec-
ords systems. Intelligent use of records in planning traffic activi-
ties of police will assure more effective enforcement and
maximum utilization of personnel and equipment.

ResponsiBILITIES OF PoLICE

The position of the law enforcement agency in traffic acci-
dent reduction is paramount. This agency not only puts into
use accident statistics and associated data, but is directly respon-
sible for gathering what is probably the most reliable informa-
tion available on accidents. Where drivers do not report, police
investigations may furnish the only information. This informa-
tion goes to make up the basic report, which is so vital to the
planning of other phases of the traffic control program, such
as engineering and education. In many jurisdictions this agency
is forced to perform these other duties in addition to traffic law
enforcement, because other agencies cannot or will not assume
responsibility. ‘Thus, the police have many and varied needs for
accident records.

As the collection of accident records is not actually a use of
accident data, accident investigation by the police is treated
only briefly in this Manual. It is included, however, because
of its importance in the collection of accident reports which
are the foundation on which all accident reduction and other
traffic plans are based. In the consideration of various uses of

44
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accident information by enforcement officers, the reader is
asked to assume that good and sufficient reports are available.

RevLative IMPoRTANCE OF TRAFFIC

Modern police administrators recognize traffic control and
accident prevention as major police problems and a551gn avail-
able manpower on the basis of need.

Comparison of accident and other departmental records will
show that losses to the public in traffic accidents are far greater
than losses due to crime. The accident record provides adequate
justification for the expense involved in traffic work. Far too
often, a single spectacular homicide will create a demand that
all or part of the manpower devoted to traffic be re-assigned to
crime duty. Those who foster such demands apparently disre-
gard the fact that traffic accidents cause far more fatalities, and
in addition that there are many traffic injuries for every traffic
death.

Good records make possible significant comparisons between
accident losses and losses from other major ills of cities, such as
the case shown in Table V.

TABLE V17
Trarric, Crive, F1re Losses 1n A Micuican City ForR ONE YEAR
TRA¥FIC CRIME FIRE
Economic Loss $450,000.00 $ 11,109.20 $ 53,710.00
Total Budget $ 76,830.00 $174,656.33 $338,408.65
Fatalities I o 1
Injuries 445 8 16

From a survey by the International Association of Chiefs of Police.

AccmeNT Recorps ProvipE BAckGrROUND FOR PLANNING
The police department is generally considered the public’s

first line of defense agamst traffic accidents. Its chief tool of

accident prevention is the enforcement of laws and regulations
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designed primarily to produce safe and orderly traffic. Before
an effective enforcement program can be developed by the
police, the complete accident record must be examined and ap-
plied. Each officer, from the chief down, should know the
accident situation in the area under his protection and whether
this experience is worse or better than other areas. Accident
totals, trends, and rates will provide the officer with the knowl-
edge of the size and severity of the accident problem in a given
area. Spot maps and hazard lists will point out wbhere the prob-
lem is most serious. Accident summaries will tell whaz factors
contributed most frequently to accidents, when they occurred,
and who was responsible. If police officers have this informa-
tion, the department is in a position to develop an intelligent
program to prevent accidents.

Every police official must anticipate accident problems.
“Locking the stable door . . .” is not accident prevention.
These plans should be based on all the facts available. In the
preparation of a traffic plan or program, the police official must
know what the problem is at present, how successful previous
plans have been, and what can reasonably be expected from
future plans. He also would like to know what problems other
police officials have, what they have done, or are doing, to solve
them, and what success or failure they have experienced. The
reduction of accidents is the problem, and the accident record
will furnish the answers to such questions as “when,” “where,”
“why,” “how,” and “who.” A measure of the effectiveness
of plans can be obtained by comparisori of accident rates of
different periods of time for the same area. Also, comparisons
can be made of accident rates of different areas, with similar
exposure characteristics. In these comparisons, one period or
one area might have had a traffic plan and the other lacked
a plan.
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Tue ENFORCEMENT PROGRAM AND THE ACCIDENT PATTERN

Examination of individual accident reports generally yields
little of value to the enforcement officials except insofar as the
individual accident is concerned. But as reports begin to accu-
mulate, analysis may reveal certain common characteristics—
certain patterns to which prevention measures may be applied.
A common or “repeater” factor may involve specific locations,
periods of time, types of violation, or any of numerous other
factors.

The police obligation to the public calls for plans to be made
and executed for the prevention of traffic accidents before the
accidents occur. In order to have the plans efficient and the
execution successful, certain specific facts, based on the present
accident pattern, must be known. The traffic accident experi-
ence is determined by analyzing the reports in the accident
file. This experience or pattern should be checked to discover
changes and the trend of the changes from time to time. Annual,
seasonal and monthly comparisons should be made with the
same periods for previous years. If changes are detected, inves-
tigations should be made at shorter intervals than the periodic
check. The enforcement program should cover the accident
pattern and anticipate, in so far as possible, any changes. As the
program is able to suppress part of the pattern, a new grouping
of available forces can attack other aspects of the problem.

PLANNED PERSONNEL ASSIGNMENT

Accident trends should be watched closely and the forces
at command should be placed where they will be most effective.
Planned enforcement recognizes the fact that no police depart-
ment, city or state, has enough policemen to patrol adequately
all of the streets or highways. Since this is true, it is necessary
to concentrate the police, particularly the motorized officers,
at the places where most accidents are occurring. Assignment
of personnel, on a time basis as well as location basis, should
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be made only after a thorough study of the accident experience.
Hence, if 35 per cent of the accidents are occurring between
the hours of 5:00 and 9:00 p. M., it may be assumed that about
35 per cent of the department’s traffic personnel should be on
the streets during this period. An intelligent deployment, based
on analyses of past accident records, can be defended success-
fully. “Hit-and-miss” deployment based on sensational or in-
complete data cannot be defended.

Placement of covering forces, allowing for new trends, can
be worked out from accident spot maps, accident time distribu-
tion analyses, and studies of violations in relation to accidents,
Figure 12. Police departments in some areas concentrate on
one aspect of the problem for a period and then forget it almost
entirely. This pendulum-like action can and should be damped,
using the analysis of accident reports as a guide. Comparison
of accident causes with those items stressed by the enforcement

PERCENT DISTRIBUTION OF MOTOR VEHICLE TRAFFIC ACCIDENT FATALITIES INVOLVING PEDESTRIANS,
OTHER MOTOR VEHICLES, OR BICYCLES BY 4-HOUR PERIODS OF ACCIDENTS IN URBAN PLACES, 1943,
" {THE REPORTING AREA INCLUDES 42 STATES, DISTRICT OF GOLUMBIA, AND NEW YORK CITY, NEW YORK}

{SOURCE - BUREAU OF CENSUS DATA}
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FIGURE 12—Time Distribution of Accidents by Common Types.
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program will direct the enforcement activities into the most
profitable channels, Figure 13. If records show a number of
accidents involving a certain violation in a certain area, it is evi-
dent that more active patrolling in that area, with appropriate

enforcement measures, is needed.

ARROYO SECO PARKWAY ACCIDENT STUDY
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FIGURE 13—Illustration of Special’ Analysis of Accidents by Type, Location,

Time, and Violations.

The enforcement program developed through comparisons
of enforcement activity with the accident record, and the re-
sulting effect of such a program in one arca, may well be the
guide for similar action in another area with a similar accident
furnish the depart-
mental planner with a keen tool for assigning manpower and
equipment and give him a measure of effectiveness of programs

background. Such comparisons of areas

and organizations.

VIOLATION
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Speciric AcTiviTies IN PERSONNEL ASSIGNMENT

Thus far in this Manual ‘the use of accident records in the
determination of the proper and most effective assignment of
manpower and equipment to combat motor vehicle accidents
has been discussed generally, yet briefly. The specific problem
usually involves several factors, such as—

1. Police departments have a limited supply of manpower and
equipment.

2. Manpower and equipment must be deployed for the greatest
effect.

3. Justification, strong enough to withstand political and other
pressure, must be found for deployment.

4. In the interests of efficient enforcement and conservation of
manpower, priority must be given in terms of area, time and
violation emphasis as dictated by the accident experience.

The problem must be probed continuously, for only con-
tinual measurement and complete understanding will lead to
intelligent planning in personnel assignment and the direction
of the activities of such personnel.

Although most of this discussion is presented in terms of city
police departments, the procedures are equally applicable to
state police,'® sheriffs and other law enforcement officers. Only
a few state police organizations have sufficient manpower to
follow completely such a plan of personnel assignment, but,
with the proper adjustments an approximation can be reached
by using patrol areas, counties and important highways as the
city would use precincts, beats, and intersections. Because of
their limited manpower, planned personnel assignment is prob-
ably more important in the state police field than for city
police. In any case, rural police organizations should follow the
principles of assignment based on records and analysis insofar
as their requirements for state-wide coverage will permit.

8Miller, George and Baldwin, D. M., State Traffic Law Enforcement, Chapter
VIII, Enforcement Planning, National Safety Council, Chicago, Illinois. 1944.
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TiME oF AcciDENT IMPORTANT FOR ASSIGNMENT OF
MANPOWER

More accidents occur during certain hours of the day or
night than during other hours. The relationship of time of day
to number of accidents can be determined from accident rec-
ords. Figure 14 shows such information for a city. It is possible
then to balance the available manpower against the time dis-
tribution as demonstrated in Figures 15 and 16.
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It is not always possible to make the manpower distribution
match exactly the time distribution, for split shifts are not prac-
ticable in all cases. There are also marked variations between
days of the week and between seasons of the year, and the
hourly pattern must be adjusted accordingly.

With assignment areas changing according to the accident
time distribution, it would not be at all unusual for an area on



52

USES OF TRAFFIC ACCIDENT RECORDS

HOURLY COMPARISON OF ACCIDENTS
WITH PERSONNEL DEPLOYMENT
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ASSIGNMENT ACCORDING TO HOURLY ACGIDENT EXPERIENGE
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FIGURE 16—Graph Showing Relationship of Hourly Assignments of Officers
and Equipment to Accidents.

one shift to be divided into two areas on another shift, and vice

versa. Areas may vary in similar fashion from weekdays to

Saturdays and Sundays and from winter to summer.

A combination of the two factors “where” and “when” will
decide the ultimate distribution of manpower and equipment.
Areas are not always uniform, homogeneous sections, as there
are special locations and routes which may differ markedly from
the rest of the area under consideration. These special locations
and routes, because of their unusual accident experience, must

be given special attention, with enforcement pressure at the
time when accidents may be expected.

Locations or AcciDENTS IMPORTANT FOR
AssiGNMENT oF MANPOWER

Accident location information may be indicated on spot
maps, with separate maps for various areas and shifts. This
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procedure is practical, however, only when the volume of acci-
dents is sufficient to indicate a pattern during a single shift.
Such conditions seldom occur in rural areas. A section of a city
area spot map, showing types of accidents, is reproduced in
Figure 17.

Tabulations or lists of accident locations prepared from the
accident records give a good picture of locations of accidents,
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and can be used to replace or supplement spot maps. Sub-divi-
sion of the total area to be policed into workable units (pre-
cincts, beats, routes and posts) should be based on accident
location facts. Within limits, area divisions should be selected
so that the total number of accidents in comparable areas will
be equalized. Some divisions which are larger in area than others
may have fewer total accidents because there is a desirable limit
to the area a patrol unit can cover efficiently. Natural geographic
boundaries may often determine boundaries of patrol areas.

Once basic patrol coverage has been provided, further assign-
ment of manpower should be based upon knowledge of acci-
dent locations. High accident frequency streets, or intersec-
tions, should receive special enforcement attention if police
efforts are to be expended efficiently in accident prevention.
Only by so concentrating patrol effort at points which accident
reports point out as potential locations of further accidents, will
accident reduction be effected with conservation of manpower.
A sketch of intersection accidents in a given area, together with
traffic controls and sight resttictions, such as the one shown in
Figure 18, can provide useful information for police.

Viorations INVOLVED IN ACCIDENTS IMPORTANT
IN DirectiNG ENFORCEMENT EFFORT

The next step in planning deals with enforcement pressure
placed upon traffic violations that are direct or contributory
causes of accidents. While it might be argued that all traffic
violations would be equally potential causes of accidents, re-
search into the accident report file will show that some viola-
tions appear more often than others. A greater effect on acci-
dents can be obtained if the bulk of the enforcement pressure
is brought to bear on the more numerous and more serious
violations at the times and places where they bave been causing
accidents.
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A continuous enforcement program can be built up and a
definite measure of success can be obtained if the program is
based on accident analysis so that: (1) Enforcement action is
principally on the violations shown to rate high as factors in
accidents; (2) enforcement action is taken at the locations or
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in areas shown to be particularly affected; and (3) enforcement
action is taken during the times when most accidents are occur-
ring. The accident analysis, such as might be made on a form
shown in Figure 19, may show, for example, an increase in
accidents with a specific violation indicated as either the direct
cause or a contrlbutmg cause; the general area, or perhaps a
specific intersection or route, is defined by further analyses or
studies of spot maps; the officers in the field are instructed to
suppress this volation with appropriate enforcement measures.
Studies may be made of more serious violations in accidents by
time of day, as in Figure 20.
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A number of questions now must be answered in order that
the effectiveness of the force used may be determined and meas-
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ured. Was the enforcement action taken within the indicated
“danger” area and time? Were the arrests followed by convic-
tions? Were accidents reduced over a suﬁiciently long time?

ExrorcEMENT INDEX

A recognized measure of police efficiency in accident cases
is the enforcement index. This index is the ratio of the number
of convictions for moving and hazardous violations to the num-
ber of personal injury accidents. In urban areas, an index of
10 1s generally considered as the minimum for efficiency and
effectiveness of enforcement. Mere volume of arrests, in other
words, is not sufficient.

Unless accident reporting is reasonably complete, the index
calculated is valueless, since the denominator (number of per-
sonal injury accidents) will be low; the index, consequently,
will be too high. An increase in reporting will naturally lower
the index.

Many departments principally use the index to compare de-
partmental activities from year to year, and to relate the work
of one area division to that of others.

AccipENT Data As Ab To SUPERVISORS

A most important duty of a police executive is the general
supervisory aid given to each of the various departments. Policy
making and policy changes are inter-related with this aid. A
clear understanding of the problems and general conditions
confronting the subordinate is necessary if administration is
to be effective. Periodic summaries of the accident experience
and special analyses and current studies should be routed to the
administrator. In this way the administrative heads will be in-
formed, and coordination within the department and with out-
side agencies is possible. Coordination of all interested agencies
must be effected at all administrative levels in order that a
combined assault against accidents can be made. This use of
accident records cannot be over-emphasized.
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AccmenT Data Excuange Must BE ENCOURAGED

A comparison of the traffic and safety activities of all depart-
ments within any governmental structure may disclose over-
lapping of effort in some fields and incomplete coverage in
others. Through the use of accident facts, studies, summaries,
charts, maps and research prepared and used in one department,
other interested departments can be helped in the development
of effective, coordinated programs in the area of their respon-
sibility and authority. Itis not at all unusual to find one depart-
ment expending a great amount of labor and time on a problem
only to find that another department either has already prepared
the answer to the identical problem or could solve the problem
with little or no effort. Police departments, because of their
close contact with traffic accidents and with the public, are
especially fine sources of information for all departments having
related responsibilities. Encouragement should be given indi-
vidual investigating officers so that the information they have
is included in their reports and directed to other agencies.'®
The finest traffic accident information in the world is useless if
filed away and never used.

BupGeT PLANNING AND JUSTIFICATION

Budget planning and justification must be predicated on a
sound basis of facts. Rare indeed is the department that has ever
had or ever expects to have such manpower or equipment s
to reach a point of diminishing returns. A police budget which
takes into account for traffic work the accident experience of
the past, and that expected for the future, will come closest to
providing the necessary manpower and equipment to do a

19§ome governments, Detroit for example, have profitably employed the tech-
nique of joint analysis of accident records by enforcement, engineering and public
education personnel, thus developing a fully coordinated joint program in these
closely related fields. An epecially worthwhile cooperative plan has been developed
in Virginia. The highway department maintains a full-time engineer in the acci-
dent records division of the State police to assist in analyses that are of particuler
interest and value to the highway groups.
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reasonably complete job. Citizens, tax groups and legislative
committees can and should be shown: (1) The present accident
situation and what it is costing the community; (2) the accident
prospects for the future; (3) the success of the present enforce-
ment program as measured against the accident rate, and (4)
future plans for reducing accidents. If a2 manpower shortage
exists, showing how the present force is deployed to obtain
maximum coverage will help to prove the need for more
men. Comparisons of the accident experience and the authorized
manpower of other cities or states with similar characteristics
may assist in convincing the finance committee of the need to
enlarge present facilities.

Answering Trarric CompLAINTS WiTH ACCIDENT RECORDS

Police departments receive many complaints from the public
on traffic matters. All complaints require some action, whether
they are justified or not. Accident records either alone or in
combination with other types of studies can be used to answer
many of the critics. For example, the man who sits on his porch
and observes the “worst” speeding situation in the city may
be right. If he isn’t, he should be told that there has been no
unusual frequency of accidents on that street due to excessive
speed and that a speed study has shown the speeds to be normal
and reasonable. Demands for traffic signals and signs are often
unwarranted. If a sign or signal is warranted, the person or
group making the complaint should be informed that the loca-
tion has a priority on the “worst” location list and should be
told the date, based on funds available, when the improvement
is expected to be completed. If the demand is not a just one, the
person or group making the complaint should be shown that
the accident situation or traffic volume does not warrant the
requested control, and that even if it were installed it would
not prevent or reduce the type of accident about which the
complainant is concerned.
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Perhaps one of the most difficult decisions to make in traffic
enforcement work is the one involving detailing a man to
traffic control at an intersection. Pressure groups frequently
demand expenditure of manpower at “favorite” corners. There
are as yet no good warrants against which to measure the need
for such assignments.?® In many cases the action has been based
on personal opinion and does not involve accident experience.
Investigation of the accident record is an important means of
justifying refusal to assign manpower in such instances.

PepesTRIAN CONTROL AND REGULATION

The seriousness of the pedestrian accident problem can be
readily realized by consulting the record. In a thickly populated
state such as Connecticut,?* pedestrian accidents account for
only 10 per cent of the total, but pedestrian fatalities number
about 55 per cent of the total traffic accident deaths. National
figures for 1946 show that pedestrians represent two out of
five traffic deaths and suffer one out of four non-fatal injuries.?*

The local accident record will quickly point out the relative
severity of the pedestrian problem in the community. The
police will be able to decide whether or not special enforcement
attention should be given to the problem—from the standpoint
of both drivers and walkers.

Pedestrian accidents respond generally to the same type of
analytical treatment as other types of accidents, though the cor-
rective action indicated will usually be peculiar to that group
of accidents. Thus the educator uses the accident record to
supply information to the walking public on the dangers in
incorrect walking and to try to replace the old habits with safe
habits (see Chapter VI on Educational Uses of Accident Rec-~

20This matter is now being studied by a joint committee of the Institute of
Traffic Engineers and International Associadon of Chiefs of Police.

Z1Connecticut Department of Motor Vehicles, Traffic Topics, The Department,
September, 1942.

#?National Safety Council, Accident Facts, Chicago, lllinois. The Council, 1946.
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ords). The engineer uses the pedestrian accident record to dis-
cover the locations where he can make physical changes in
order to reduce accidents and as an indication of what type of
change to make (see Chapter V on Engineering Uses of Acci-
dent Records). The police administrator uses the data to deter-
mine where, when, and how much enforcement should be

applied.

Driver Epucartion

-Some police deparments have entered the field of traffic safety
education either with traffic schools for violators or schools for
new drivers. Where such schools have been conducted, the great-
est success has come by explaining the relation of local accidents
to the safe operation of a vehicle in the local area. The past
accident experience potrits out the basic necessity for rules and
regulations; it shows where to expect hazards; it reveals the
limitations of both car and driver and helps to develop proper
driving attitudes. The application of accident records in driver
training is discussed further in Chapter V1.

Trarric ConTrOL DEVICES

The police often have responsibility for such traffic control
functions as the installation, operation, and maintenance of
signs, signals and markings. The accident record is one guide
for installation of traffic control devices and will provide pro-
tection for the department from complaints and pressures from
the public.*® If there is a traffic engineer, installation, mainte-
nance and supervision of traffic control devices should be under
his jurisdiction. It is always desirable, however, for the traffic
engineer to work closely with the police in the installation of
control devices so that complete cooperation in enforcement
will be assured.

#Public Roads Administration, Manual on Uniform Traffic Control Devices for
Streets and Highways. Washington, D. C., The Administration, 1947.
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Curs Parking ENFORCEMENT

The accident record frequently shows parking to be a factor
in traffic accidents. Proposals to change the type of parking
at the curb, anticipated parking prohibitions, and the control
of loading and unloading facilities are often supported by acci-
dent data. Enforcement of parking regulations by the police
can be guided by a study of the contribution of violations in
parking accidents to the total accident problem. Records of
accidents that show parked vehicles as being involved, can be
used to indicate necessary parking regulations.

Studies can be made of accidents to determine the hazards
of different types of parking, and of the effectiveness of various
parking regulations. While most parking regulations are pri-
marily intended to improve traffic flow, accident data are often
effective in getting needed changes adopted.

VEeHICLE INSPECTION

Analysis of accident records frequently shows the need for
improving the mechanical condition of vehicles. Compulsory,
periodic vehicle inspection is the best means to secure this
improvement. The items needing inspection are revealed by the
reports of accidents involving mechanical failure, which also
show the time and place of need for intensified activity in this
field. Accident records show that tires, lights, brakes, steering,
windshield wipers and glass often influence the frequency and
severity of accidents.

BicycrLE INSPECTION

The accident record often may show that bicycle riding is
a dangerous pastime, particularly for children. Various police
departments have taken advantage of bicycle licensing legisla-
tion to do a safety education job, even though licensing may
be aimed principally at the recovery of stolen bicycles and at
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discouraging thefts. But, with the inspection for licensing, the
safety devices on the bicycle can be checked and education on
safe operation practices can be given. In addition, reckless
bicycle riding can be curbed by appropriate enforcement meas-
ures. Points needing attention in these programs are best deter-
mined from a study of past accident experience.

SareTy ConTESTS WiTHIN PoLICE DEPARTMENTS

Traffic safety contests between the various command units
such as precincts in a city, have resulted in effective reduction
of accidents in some jurisdictions. As examples, Detroit and
New York both have been successful in this field and although
their contests differ in detail, they are based primarily on the
accident record, the effectiveness of accident reporting, the
extent of enforcement, and the program of public education.

Some police organizations use accident records effectively as
the basis for merits, recognition and awards for officers and
troops.

Uses of records on departmental vehicles should not be over-
looked in departmental vehicular safety programs.

ACCIDENT INVESTIGATION

“On the spot” accident investigation and reporting by trained
policemen is 2 most satisfactory method of securing complete
accident data. Other methods of reporting often result in rec-
ords which are fragmentary, biased, or a complete failure, inso-
far as the reporting of a large segment of the accident experi-
ence is concerned.

CoMPLETION OF REPORT ESSENTIAL

It usually is agreed that an accident report is of little value
if it does not contain complete factual information on a standard
form so designed that the information can be compared,
grouped and analyzed with other reports. Complete informa-
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tion includes investigation into the reasons for the accident
which is best accomplished by the investigator based on his “on
the spot” knowledge of the accident and the location.

TRAINING OF INVESTIGATORS

"The training of accident investigators can make frequent use
of accident data. This training is valuable not only because of
the resulting better reports, but because of the time saved by
introducing a method (step by step procedure) in making the
reports. Such training for the investigation of common types
of accidents is not beyond the capabilities of the average law
enforcement officer. All police officers, traffic men and others
alike, should receive sufficient training to enable them to make
a complete accident investigation, and turn in a workmanlike
report, when necessary. Aside from the value of the completed
report, the officer making the report and the investigation of
the accident increases his own knowledge of how to enforce
the accident prevention program better in the future.

AsSIGNMENT oF AcCIDENT INVESTIGATORS

In departments where special accident investigators are util-
ized, personnel assignment planning should provide coverage
of all accidents. During those hours when more accidents are
reported, additional accident investigators should be on duty.
The first officer at the scene should investigate the accident
and complete the report, to the best of his ability with the
equipment available.

ApprTIoONAL BENEFITS FROM ACCIDENT INVESTIGATION

In addition to the resulting better reports and increased public
service, there are two other benefits from accident investiga-
tions, such as—(1) violations of the law are uncovered by good
accident investigation which otherwise would escape unde-
tected; (2) good accident mvestigation tends to increase both
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the volume and quality of accident reports which in turn makes
for better analysis and leads to greater and more widespread use
of accident records; and, (3) this, in turn, results in more effi-
cient use of personnel and equipment.

AccmenT INForMATION UsEs IN ProsecuTIONS

It is assumed that an arrested violator of the traffic regulations
will eventually arrive in a court. Also, it is recognized that the
court is the last link in the enforcement process. Here the acci-
dent records may be a valuable guide to the court and may
increase the effectiveness of court actions.

Familiarization of the Court with the Problem. The use of
up-to-date local, regional, and national accident figures will
provide for the court a background and understanding of the
accident problem. For example, the courts should be familiar
with the number of fatalities, personal injuries and property
damage accidents of the locality. This information will give
the court the proper perspective of the traffic situation as a
major community problem. The successes or failures of the total
enforcement program (which includes the court) may be
shown by studying trends in accidents and rates. Further, acci-
dent records can be used in support of the court’s policy in cases
requiring punishment. Factual studies, such as the one reported
in Figure 21, serve to show the dispositions of court cases
growing out of traffic accidents.

Relation Between Violations and Accidents. Since one of the
reasons for prosecuting violators is to bring about a reduction
in accidents, the court should be interested in the accident
records which show the violations causing the greatest number
and the most serious accidents. The court also should be familiar
with the recurring patterns of accidents—times and places where
accidents occur—particularly those traceable to violations which
the court will be called upon to adjudicate.
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FIGURE 21—Flow Chart Showing the Distribution of Traffic Accident Cases for
a Large City.

Preparation of Cases. The prosecution in an accident case
must be able to present to the court the picture of events before,
leading up to, during and after the accident. Good accident
investigation and reporting provides this necessary information.

Accident and Violation Repeaters. The judgment of a case
is limited to consideration of the facts involved in that one case.
But, after a person has been found guilty, consideration can be
given to the driving history of that person in fixing the penalty.
The court should have at hand the traffic history of previous
warnings, convictions of moving violations, involvement in
accidents, and driver license penalties. The court should realize
that traffic violations are indications of unsafe driving practices
which, if uncorrected, are apt to result in accidents.

Table VI shows interesting relationships between the fre-
quency of citations, involvement in accidents, and ratios of cita-
tions to accidents for a typical city.
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TABLE VI

RerATION 0F NUMBER OF CrraTiONS To PER CENT DRIvERs Crrep v
AccmeNTs AND PER CENT AccmeNTs Per Drivers Cited
Data FroMm A Carirornia City

DRIVERS DRIVERS %, CITED NUMBER %, OF ACCI-
RECEIVING IN DRIVERS IN OF DENTS PER
CITATION CITATIONS ACCIDENTS ACCIDENTS ACCIDENTS DRIVERS CITED

ISt 12,175 879 7.2% 930 7.6%
2nd 4,011 675 16.8% 787 19.6%
3rd 2,197 555 25.2% 662 30.1%
4th 1,367 500 38.0% 609 44.5%
sth 949 343 36.1% 483 50-9%
6th—more 2,101 1,049 49.9% 1,682 80%
Totals 22,800 4,001 —— 5,153 —

Uses of Accident Data in Education by the Court. Some
judges have found that the accident information in visual forms,
such as spot maps, charts, graphs, and tables is effective in court
and makes excellent material for pointing up the seriousness of
the violation for which penalty is being imposed.

Ready Access of Accident Facts. The court should be en-
couraged to request the accident records agency for special
studies and research data which will assist the court in its work.
Such studies of interest to a progressive court would include
the connection of alcohol with accidents, pedestrian walking
habits in conflict with motor vehicle operation, and histories
of persons convicted of moving violations or involved in acci-
dents.

Measure of Efficiency. A job cannot be considered complete
unless the overall efficiency is measured. One of the most im-
portant measures of the effectiveness of the enforcement pro-
gram is the conviction rate for cases involving accidents. There
is something radically wrong with an enforcement program if
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most of the cases that are brought to court are dismissed for lack
of sufficient evidence, or for other reasons. The desired deter-
rent effect that an enforcement program should achieve on
accidents cannot be reached unless traffic violators are con-
victed. All of the good work that has gone before will be nulli-
fied if there is a breakdown in court.
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CHAPTER V
ENGINEERING USES OF ACCIDENT RECORDS

For the purposes of this Manual, enginecring may be con-
sidered to include the design, construction, and maintenance of
streets and highways, together with the control of vehicle oper-
ations on those highways. It thus embraces highway engineer-
ing in its original sense, and traffic engineering as a more recent
branch of the profession. The two fields necessarily overlap,
since traffic engineering is usually understood to include the
designing or redesigning of highways for the purpose of ex-
pediting traffic movement or making that movement safer, while
highway design and construction must assume a knowledge of
traffic characteristics and behavior.

ENGINEERING RESPONSIBILITIES

The engineer is responsible for. providing the public with
streets and highways which can be traveled upon with speed,
safety, and comfort. These three essentials of travel are closely
interrelated, and, fortunately, effort expended towards satisfy-
ing one essential will generally completely or partially satisfy
the demands of the other two essentials. Engineering to reduce
accidents through planning, design, construction, maintenance,
and traffic operations, usually brings with it additional rewards
in increased comfort and speed.

From the public standpoint, the engineer’s primary objective
is a reduction in the total number or severity of actual or poten-
tial accidents. He must think in terms of all accidents in the
city or state. This usually means giving attention first to the
principal traffic ways where large volumes of traffic are accom-
panied by numerous accidents even though the accident rate

73
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per million vehicle-miles may be lower than elsewhere on the
highway system, and even though correctives might be more
expensive than at other locations. Ten accidents at an intersec-
tion of two boulevards are far more costly to the public than
two accidents of the same type and severity at a secondary
street intersection, though the boulevard traffic volumes may
be ten times those of the secondary streets and the relative
hazard per unit of traffic, therefore, only half as great as that
at the minor intersection.

The engineer must also consider the cost of accident preven-
tion at any particular location in comparsion with the cost of
achieving the same reduction of accidents elsewhere. If some
simple low cost expedient like the erection of warning signs
or stop signs at a number of points can be expected to prevent
even one or two accidents each year, the public funds may
thus be more efficiently spent, than, for example, by a $10,000
reconstruction of a major intersection to prevent a dozen acci-
dents. It must be recognized, however, that the highway engi-
neer must consider other elements as well as safety, and that a
major expenditure may amply pay for itself through reduced
traffic delays, apart from safety. Accidents represent an eco-
nomic cost, although that cost cannot always be measured.
Similarly, trafhic delays are an economic cost, and are almost as
intangible. Weighing one cost against another is one of the most
delicate responsibilities of the highway engineer.

Engineers must accept their responsibilities in accident pre-
vention; however, the engineer must concede that “engineer-
ing” as here treated is not the only means of reducing or pre-
venting accidents. He should be able to recognize situations
where, perhaps, the key to safety lies in police enforcement
activity, or in the better training of the pedestrian of elementary
school age. It must be realized, however, that engineering solu-
tions in accident prevention, although costly and difficult to
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accomplish, are usually more effective and lasting than the
purely regulatory measures. Physical corrections achieved
through technical traffic engineering approaches, provide long-
term cures.

ENGINEERING APPLICATIONS OF ACCIDENT DATA

Accident analysis is a major tool of the engineer in his con-
stant effort to reduce hazards and prevent future accidents
through the correction of deficiencies** in existing highwaysand
through the sound design of new highways. Accident data must
be depended upon to reveal deficiencies in engineering at
existing locations. They must also aid in the development of
engineering principles generally applicable to future design,
construction, maintenance, or operation, in advance of, or
independent of, the accumulation of an accident record at any
particular location.

These two uses of accident data are inseparable and closely
related. The engineering remedy, determined upon for a given
location that has experienced more than its share of accidents,
must reflect general conclusions as to what constitutes safe prac-
tice, even while it deals with the immediate difficulties revealed
by a study of accidents at that point. On the other hand, the
experience and statistics gained in the practical treatment of bad
locations should contribute to the improvement of general
engineering standards. If, for example, a cernain traffic circle
proves to be hazardous to traffic entering it from one of its
approaches, a study of the accidents may reveal that the ap-
proach curvature is too sharp. In reconstructing this circle
according to a better plan, past experience in highway design
should be called upon to guide the preparation of specifications
for approach curvature and other details such as pavement sur-

24Deficiency” is here used in the broad sense that jf accidents can be prevented
by engineering improvements, the existing condition is deficient.
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face, superelevation, and roadway width. In the same manner,
the lesson learned from the accident record of this circle will
be applied profitably in plans for future circles. These future
designs should include improved curvature for greater safety.
Accident records thus are used to correct existing deficiencies
and to prevent repetition of similar deficiencies elsewhere.

Excineering DEericiENcCIES CONTRIBUTORY TO ACCIDENTS

Because almost every accident is the result of a complexity
of causes, it is not easy to appraise the contribution of any
single factor or group of factors. Roadway “deficiencies” are
taken for granted because they have been a part of our highway
plant for many years. Usually some act of careless or incom-
petent driving also is involved in any given accident, or some
violation of the traffic code, either of which directs attention
away from possible shortcomings of the highway. Accident
analysis too often classifies accidents according to major causes,
and ignores factors which may seem to the statistician in charge
to be less obvious, less remediable, or simply less important
from his point of view. For this reason we have widely varying
estimates of the relative importance of roadway deficiencies in
accident causations, ranging from as low as 2 per cent to as
high as 20 per cent.”> Whatever the actual percentage may be,
it is high enough to demand the attention of engineers.

DeveELoPMENT OF AcCCIDENT INFORMATION

As with all other uses of accident information, the analysis
of the data is basic to engineering applications. When, by
analysis, the facts have been properly developed, it remains only
for those in authority to choose (usually on an economic basis)
between, (1) engineering measures and possible alternative
expedients of a non-engineering nature, and (2) the benefits

2American Road Builders’ Association. Report of Problem Committee on
Analysis of Accident Data. Washington, D. C. The Association, 1g40.
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of the proposed solution as compared with the benefits that
might be derived from an equivalent expenditure elsewhere.

It is assumed that the quality of accident reporting and the
quantity of reports on hand are sufficient to conduct the types
of analysis which are needed by the engineer. The primary col-
lection of accident data can be made but once, and the data
collected must anticipate all expected uses. Standard procedures
and forms as developed by the National Conference on Uni-
form Traffic Accident Statistics are accepted as the minimum
standard for this groundwork for the analysis. Certain other
basic steps in analysis also have a common usefulness for other
purposes as well as for engineering. An example of this is the
study of high-accident frequency locations, where all possible
elements of accident causation should be considered and evalu-
ated. Engineering is only one of several possible remedial treat-
ments that may be indicated.

Despite these common elements of accident causation, how-
ever, the engineering approach to possible remedial treatments
through accident analysis involves numerous special problems
which are to be discussed here.

Hicu-Acciment FrEQUENCY LoOCATIONS

The simplest use of accident information is in the discovery
and treatment of locations at which accidents have occurred
with undue frequency. The proper development of the infor-
mation into usable form is accomplished in several steps of
procedures, as follows:

The identification of the bigh-accident-frequency locations
by means of “spot maps” or “location files.” The details of such
devices are explained in many existing publications. It is here
necessary only to note that a “spot map” consists of a reason-
ably large scale map on which a pin or other marker is placed
to indicate the exact point of occurrence of each accident,
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Cowurtesy City of Los Angeles, Cal,

FIGURE 22—City Accident Spot Map.

Figure 22. The pins are allowed to accumulate and concen-
tration of pins at one location or in a defined area is an indica-
tion that something should be done. A “location file” accomp-
lishes the same thing by so filing the accident reports that
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those at any given location will be grouped. The “spot map,”
is thus a graphic display of the location file, and has publicity
value as well as engineering utility.

The definition of “high accident frequency” is, of course,
altogether arbitrary. If resources permit, the study of every site
where even a single accident has occurred may be justified
although common practice requires routine investigation of a
location, usually only when the accumulation reaches three
to five of the less severe accidents or two to three of the more
severe type. A “location” is also broadly defined. For purposes
of study and treatment a long tangent, for example, may be
considered as a unit location.

The Ohio Department of Highways has developed a listing
of accident prone road mileage, Figure 23. They found, for
- example, that one-third of all accidents reported in 1941 were
concentrated on § per cent of the state highway mileage, and
that this mileage accounted for only 19 per cent of the motor
vehicle travel.2¢

The analysis of the circumstances under which accidents bave
occurred at each location obviously comes next. Such an analysis
employs a variety of techniques. First, all the accidents at a
given location should be tabulated, with respect to the known
facts, to discover, if possible, a consistent pattern of circum-
stances which may, in turn, point to a remedy. Then a detailed
map, or plan, may be needed showing all the physical charac-
teristics of the location, such as roadway widths and grades,
sidewalks and curbs, obstructions to vision, and traffic control
devices. Such a straight line accident analysis diagram used by
a state is shown in Figure 24. This may reveal some hazardous
condition that causes or is a contributory cause to frequent
accidents. A further step is an “accident or collision diagram”

20hio Department of Highways, Division of Traffic and Safety, Accident Prone
Mileage—State Highways Outside Municipalities. The Department, 1942.
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ACCIDENT PRONE MILEAGE -
STATE HIGHWAYS OUTSIDE MUNICIPALITIES

BASED ON 1941 REPORTED ACCIDENTS AND HIGHWAY TRAVEL.

'ACCIDENT® RATE COMPUTED BY DIVIDING NUMBER OF ACGIDENTS
' BY ANNUAL TRAVEL IN MILLIONS OF MILES.

OM A TRAVEL BASIS, THE ACCIDENT RATE OF EAGH SHADED

SECTION EXCEEDS A SIMILAR RATE DEVELOFED FOR THE
© ENTIRE HIGHWAY SYSTEM. -

Courtesy Ohso Department of Highways.

FIGURE 23—Studies of Accidents in Relation to Locations and Travel Indicate
Most Accident-Prone Sections of Highway.
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(Figure 25) showing by suitable symbols the type of each in-
dividual accident and the directions in which the vehicles
involved were traveling. This also may reveal a pattern of cir-
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cumstances and thus give a clue to the treatment needed. The
employment of still other devices may be useful, such as traffic
flow diagrams showing vehicular traffic volumes, turning
movements, and pedestrian traffic, all with special reference to
the hours when accidents are most frequent. Concentrations of
school children or industrial workers during certain hours may
be highly significant if pedestrian accidents are numerous.
Speed studies may throw additional light on the situation. All
of these tools have been described and explained more fully
in publications listed at the end of the chapter and which are
generally available.

A trained and experienced investigator should make a per-
sonal study of the site, with the above described data at hand,
to complete the procedure. This study may require several visits
s0 as to cover all the periods of hazardous conditions. An able
investigator can frequently spot deficiencies that have not be-
come apparent from the limited accident data available for a
single location. Comments and observations of persons who fre-
quent the Jocation in question may be of value to the inves-
tigator.

TreaATMENT oF HicH-AccibENT-FREQUENCY LocATIONS

Before treatment of any dangerous location is begun it is a
good policy to make up a “worst location” list, and thus to
establish priorities for attention. Since current funds are rarely,
if ever, sufficient to do everything desirable, a decision must
be made as to which work can best be delayed. A priority list
based on engineering studies is a very useful defense for the
highway administrator against the clamor of well-intentioned
citizens who see only the serious conditions prevailing in front
of their own houses, and who find it difficult to understand
that there may be worse troubles in other neighborhoods.

To establish priorities for railroad grade crossing protection,
for example, accident records must be combined with highway
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and train traffic data, as well as with physical data. A form used
for such a special study is shown in Figure 26.

FDOM E£.215 200 12.42
" QREGON STATE HIGHWAY COMMISSION Crassing numbar
TRAFFIC ENGINEERING DEPARTMENT
RAILROAD GRADE CROSSING SURVEY
Road number
Railroad company .. ... Mile post
Number of tracks: County -
Main line Other S
Gity
Troffic:
Yehicles Trains Street
Protection
e inherent hazard
Remarks State-wide Priofity .mvecercimsescrsncvrnesscencesserseness
A Railroad pany priorify
State highway Priofity ceecrcrrcreceecsenrens
s e e Date

FIGURE 26—Special Form Used for a Study of Railroad Grade Crossing

Accidents. A Complete Record is Obtained of Train Movements, Protection, and

Accidents for Each Highway-Railroad Grade Crossing. (Only one side of form
shown).

On the basis of all the information developed from the study
of a local accident situation, together with any other pertinent
data regarding safe engineering principles derived from experi-
ence elsewhere, suitable recommendations can be made for the
elimination of dangerous physical conditions, if these are pres-
ent, and the substitution of features that have been found to
be safer. In any recommendations, consideration must be given
to possible remedies of a non-engineering character. Also, a
decision must usually be made as to whether labor and materials
might more profitably be expended elsewhere.
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Measuring EFFECTIVENESS OF IMPROVEMENTS

Following any treatment of high-accident-frequency loca-
tions, subsequent accident records at the spot should be care-
fully checked to determine
. | the effect of the measures
N1 used. Exposure conditions
must be related to accident
facts to get a true measure of
“before” and “‘after” condi-
tions. This Manual contains
> | several illustrations of such

3 e | studies, one of which is Figure

27.

BEFORE

DeveLopMENT oF. Hicrway

DzsieN STANDARDS
The highway engineer or
traffic engineer should not be
satisfied with the correcting
of existing highway deficien-
%L e | ClES. Through the analysis of
Coursesy National Comservation Bureat hlghway 3CCiantS hC_ ShOUId
FIGURE 27—Study of Accidents Before 3L(€MPt to develop standards
and After Impr9vement in Traffic for the safe design of future
Signs. highways. It is another case

'”

of “an ounce of prevention being worth a pound of cure

The wusual approach to this problem is to analyze accidents
as to causes and circumstances, and thus develop the relative
frequency with which certain elements of highway engineering
are classed as direct causes, contributory causes, or in other ways
involved in the accident analyzed. This procedure results in
rates of involvement of certain engineering elements, or com-
binations of elements, in relation to the total number of acci-
dents studied. At best, it suggests what elements or combina-
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tions thereof to avoid in highway design. A more useful goal
of accident analysis is the establishing of accident rates for vari-
ous elements of design, of such validity as to permit a calculated
choice, in a given case, of the elements that will give the greatest
degree of safety per dollar spent. The actual attainment of this
goal may be remote, but it is significant that at least 15 state
highway departments, with the cooperation of the National
Safety Council and the U. S. Public Roads A dministration, have
set up active projects for analyzing accident expectancy in rela-
tion to particular features of highway design. Figure 28 is taken

_from the pilot study of the Virginia Department of Highways,
and shows the accidents reported on a section of roadway,
together with grades, alinement, pavement data and volumes.
Table VII*" gives, for example, preliminary information as to
the relationship between curvature and accidents for dlfferent
traffic volumes on two-lane roadways.

TABLE VII
Two-LANE CUrRVEs BY DEGREES oF CURVATURE BY VOLUME—
(8 States)*

ACCIDENT RATE
DEGREE ACCIDENTS (ADJUSTED TOTAL) (PER 1,000,000 VEHICLE~MILES)
OF UNDER 5000 §000 TO 10000 UNDER 5000 §000 TO 10000
CURVATURE VEHICLES PER DAY VEHICLES PER DAY VEHICLES PER DAY VEHICLES PER DAY
Less than 2 250 37 2.4 1.9
2 to 2.9 221 47 33 2.5
. 3t0 3.9 152 65 3:5 35
4 t0 4.9 158 64 37 37
5t0 5.9 139 35 43 3-3
6 to 6.9 119 34 3.9 2.8
7 to 9.9 115 2§ 3.1 2.5
10 t0 13.9 132 24 3.7 2.6 -
14 to 19.9 108 12 6.3 *
20 and over 129 13 7.6 *

*Sample considered too small for reliability.

¥Baldwin, D. M. The Relation of Highway Design to Traffic Accident Experi-
ence. Paper presented at Annual Meeting of American Association of State High-
way Ofhicials, Los Angeles, California, December 1946.
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In favor of the more usual analysis of accidents, according
to contributing factors, is the fact that the analysis is relatively
simple, requiring only a statistical breakdown of frequencies.
It is evident, however, that this technique will not yield acci-
dent expectancy rates for any particular situation, nor will it
indicate the relative hazard of engineering design elements, since
the statistics tabulated will cover only those locations where
accidents have actually occurred, and will take no account of
“exposure.” Statistics show, for example, that a great majority
of highway accidents occur on straight highways. It may be
assumed that this is because dangerous curves are few on our
modern highway systems, not because sharp curves are safer
than tangents.

Nevertheless this technique will clearly indicate what ele-
ments, or combinations of elements, are more frequently con-
tributory to accidents. It will also point out the causes which
can be attacked most profitably, and in addition which will
be most likely to justify further study. At any time special
conditions may be investigated that have hitherto been unrecog-
nized and even unsuspected, or that have come as a result of
technological changes. If an engineer suspects a new factor, he
can re-analyze a group of accidents to discover whether or not
that factor has any significance or whether there is a possible
means for the prevention of future accidents attributable to it.

Accment ExpecTancy RATES

The derivation of accident expectancy rates for specific fea-
tures of highway design is the newest and potentially the most
useful application of accident data. There are many complexi-
ties in such a study, and 2 great volume of data will have to be
analyzed and correlated if the results are to be valid and sig-
nificant. Accident records in many states and cities, however,
are now becoming sufficiently complete and detailed to war-
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rant analyses of the type needed. If the engineer can have before
him figures to suggest the relative degree of safety that may be
expected from each of the many possible elements that go into
the designing of a highway, he is in a position to plan his design
wisely.

At any given location an accident is the result of a2 web of
circumstances in which there is a large element of chance. To
separate and evaluate the contribution of a single engineering de-
tail in the case of an individual accident is ordinarily impossible.
If, for example, the whole responsibility for any given accident
is laid upon some one deficiency of the highway, it follows
logically that every passing vehicle should experience the same
accident—a plain reductio ad absurdum. It is necessary to analyze
a rather large number of accidents in respect to a single element
to cancel out, even partally, the extraneous variables.

An average accident rate calculated from the accident fre-
quency at all locations in which a given engineering element is
present, is not the true measure of the contribution of that
element, since it reflects in part the contribution of all other
elements. For practical purposes, however, it is a useful index
of hazard.

More significant would be rates derived separately for each
possible combination of circumstances. These, however, would
involve an enormous number of combinations, for most of
which accident frequencies, over any reasonable period of
time, would be insufficient for statistically valid conclusions.
Useful rates for typical situations might, however, be developed
through an analysis of selected locations of uncomplicated

types.

Multiple correlation technique is often used to segregate and
evaluate the contributions of a series of variables in a complex
situation. A multiple correlation, however, becomes difficult to
interpret and requires large volumes of data if any considerable
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number of variables are to be dealt with. In the case of engi-
neering data, a more serious difficulty is that only those design
elements (variables) that can be expressed in numerical values
can enter the correlation. Intersections, traffic signs, and many
other features could not be considered except, possibly, by
calculating separate multiple correlation coefficients for loca-
tions where such qualitative, non-numerical elements were
present. This might approach in complexity the calculation of
separate rates for all different combinations of circumstances.

Finally, it is difficult, if not impossible, to place all engineer-
ing elements on a comparable rate basis. Curves and tangents,
grades, and pavement types have measurable lengths, and the
traffic using them, i.e., exposed to their hazards, must be meas-
ured in units of vehicle-miles. Bridge abutments or traffic signs,
on the other hand, are points having no dimension of length.
For these the unit of passing traffic must be the vehicle itself.
Intersections have length, but their zone of influence, as to
accident causation, extends to an indefinite distance in either
direction.

It is clear that even if we can arrive at statistically valid acci-
dent rates for various elements of highway design, the best we
could do, using them singly or in' combination, would be to
calculate an expected accident frequency. At any given site the
accident record might vary greatly from the calculated prob-
ability due either to pure chance or to the presence of some
element (not necessarily related to engineering) that was not
considered in the expectancy computation. The expectancy
rate, however, would be a scientifically sound guide to design,
and would make it possible for the engineer to choose the safest
practicable standards in any particular application.

Accient Recorps UseruL In Roap CoNsTRUCTION

Construction engineers can frequently gain valuable informa-
tion from a study of accident records. It is not enough to derive
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safe design standards—they must be correctly built into the
roads, with the safest techniques. Traffic must be handled safely
during construction, standards and methods of construction
must be well developed, and safety features of designs must be
checked “on the ground.” An understanding of accidents,
especially as discussed in this Chapter, should enable construc-
tion engineers to recognize and correct many dangerous prac-
tices and hazards during the building of the roadway.

Roap MainteExance Pracrices Aipep
By AccmoeNT RECORDS

Since a principal function of a roadway is to provide safe
travel, maintenance practices must include the prevention of
accidents. Studies of accidents of specific types or at high-
accident frequency locations will aid in determining the needs
for better or changed maintenance practices. Priority for
maintenance, planning seasonal maintenance, and the need for
better cooperation between various roadway agencies, are
among the items which should be considered in the use of acci-
dent records.

TaE VALUE oF TRAINING AND EXPERIENCE
In AccmENT INVESTIGATION

After such a serious discussion of the value of refined statis-
tical analysis in a long-time program of accident prevention,
it is perhaps something of an anti-climax to suggest that a trained
engineer, who has studied many accidents in the field and has
followed up on the effects of remedial treatments, can probably,
in most cases, make as sound recommendations for safe engi-
neering practice at any given location as if he were in possession
of rates calculated to several decimal places, based on similar
" but different locations elsewhere. This is because most situations
have in them special elements, often of an intangible nature,
which cannot be recognized by any general statistical treatment,
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but which can often be detected by a trained observer. The
basic principles of safe design are already fairly well-known,
from trial and error experience. Special studies of partlcular
locations are continually correcting or confirming this experi-
ence. On the other hand, the methods of statistical analysis,
though slower in securing results, are more inclusive and may
develop elements which even the trained and experienced
engineer would never grasp because of the complexity of the
whole situation. Furthermore, the engincer, being human, is
liable to personal bias. As a result of his own special experiences,
he may give undue weight to certain factors when appraising
hazards.

AccipenT DaTa AppLIED TO SPECIAL ENGINEERING PROBLEMS

Engineering uses of accident data include, but are by no
means limited to such specific problems as those which follow:

Use of Traffic Control Devices. The proper design and appli-
cation of traffic control devices, despite the existence of widely
accepted standards, is still subject to much uncertainty and
even to open disagreement. There is, for example, much need
for more definite “warrants” for the use of particular devices.
When, for example, should a Stop sign be used at an intersec-
tion? When is an intersection warning sign adequate? When
should traffic signals replace a Stop sign? Is the “Four-way
Stop” ever warranted, and, if so, when? What is the minimum
suitable size of any given sign under any given conditions?
How does color affect the visibility of pavement markings?
When is the marking of a “no-passing zone” warranted? How
can safety be built into a street-car loading zone? How should
“delineators” be installed, and under what circumstances are
they useful or warranted? These and many other questions
might be asked. Much of the information needed to answer
them can be gained from controlled tests and from observation
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of traffic behavior. An important contribution, however, can
come from the analysis of data covering accidents at points

Courresy National Conservation Burean.

FIGURE 29—Collision Diagrams Show-

ing Accidents at an Intersection Before

and After Treatment With Special Stop
Control.

Woarrants for traffic control

where traffic control devices
are present. Particularly use-
ful, in the traffic engineering
field, are, “before-and-after”
studies, in which the accident
record at a given point is
studied before and after some
form of traffic control is in-
stalled. Figure 29 shows such
a study of accidents at an
intersection. Other things
remaining the same, the “be-
fore - and - after” accident
trend over a reasonable
period of time is a fair indica-
tion of the justification for
the traffic control device.
Care must be taken to allow
for changes in traffic volume
or other independent factors
in appraising possible gains.

devices are usually based on

vehicular traffic volumes, pedestrian volumes, speeds, physical
conditions, or accident frequency, or a combination of these.
An unwarranted device may cause more trouble than it pre-
vents, because of the introduction of needless delay and annoy-
ance, because unwarranted devices are difficult to enforce, or
because under some circumstances they may be a direct cause
of accidents. Accident records are valuable guides in the devel-
opment of warrants where a control device can be expected to
bring greater safety. Established warrants incidentally can
often be used to advantage in discouraging requests for controls
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at locations where they cannot be justified, thus effecting econ-
omies in the face of public pressure for an inefficient use of

funds.

Pedestrian Safety. The pedestrian accident opens up a large
field for the engineering study of accidents, as there are many
elements of highway design that directly affect pedestrian
safety. Research may be set up to determine the effects of such
features as pedestrian underpasses and overpasses, pedestrian
barriers, safety islands, sidewalks, pedestrian signals, and high-
way lighting.

Speed Zoning and Speed Comtrol. A restrictive measure,
aimed at the reduction of accidents, which has proved successful
in the interval necessary before construction or reconstruction
of a highway is possible, is speed zoning. Determination of safe
and reasonable speeds depending on sight distance, horizontal
and vertical curvature and other conditions found on a highway
are definitely measurable. Relating speed to safety generally,
and at specific locations, still falls in the category of needed
research with accident records.

Changes in Traffic Regulations. Traffic engineers can fre-
quently use accident data in determining the need for changes
or revisions in traffic regulations. The support for such changes,
and the measure of effectiveness of the changes, once effected,
can be aided by accident facts.

The involvement of parked vehicles in accidents can point
the way to changes in types of curb parking, to the prohibition
of curb parking, and to other parking regulations, Figure
30. Accident hazards created by illegal parking practices are
graphically illustrated in Figure 31.

Before and after accident facts can help prove or disprove
the need for one-way traffic. A typical study is shown in Figure
32.
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Through streets, turning prohibitions, and other regulations
necessitate complete and continuing studies of accidents to in-
sure the best treatments for given traffic and physical conditions.

Application of Street and Highway Lighting. Street and
highway lighting is usually promoted primarily as a safety meas-
ure, hence accident studies are most appropriate to test its jus-
tification. Various types of summaries can be used to show the
relation between accidents, time of day, seasons of year, and
use of street lights, such as the chart prepared by the city of
Buffalo, New York, and shown as Figure 33. Possible research
would cover: (1) Accident experience in relation to different
types, intensities, and distributions of lighting, and, (2) the
establishing of “warrants” under which highway lighting can
be justified as an aid to trafhc.
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Designing or Redesigning Intersections. Here is an almost
limitless field for exploration in which accident records should
contribute a great deal. Accident frequency under given vol-
umes of traffic will itself be some indication of relative hazards
of different types of intersections. A more scientific study
might undertake to discover points of conflict where collisions
occur within the intersection area and to determine necessary
sight distances, critical intersection angles, appropriate curb
radii, and the effects of varying pavement widths, grades, light-
ing, traffic control devices, and channelization.

Designing and Providing Channelizing Islands and Dividing
Strips. Much is yet to be learned about the channelizing of traffic
and the use of one-way roadways. Geometrical design must
recognize the physical characteristics of vehicles, especially as
to turning radii and rates of acceleration and deceleration. After
such tangible elements are provided for, however, there is still
the problem of driver behavior to reckon with, and this will
appear in part at least, in the accident record. Accidents may
indicate that an intersectional area is too large, and that the
points of junction of traffic streams should be controlled
through channelization. The angle of intersection may also
be conducive to collision. An undue number of accidents in-
volving left turns may indicate a need for channelizing protec-
tion of one sort or another. The principal function of a medial
divider is to prevent head-on accidents, and the actual or
potential number of such accidents is an important factor to be
considered in the use of such dividers. Specific suggestions for
study include: (1) Analysis of accident records at channel-
ized intersections to reveal faulty location, shape, or size of
islands; (2) comparison of accident rates at channelized and
non-channelized intersections; (3) comparison of accident
rates on divided and undivided roadways for various types of
dividers; or, (4) a study of accidents with a view to improving
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safety in the design of the approach ends of islands and medial
StrIps.

A complete study of accidents, physical conditions, and traf-
fic volumes may lead to the recommendation of channelization
as indicated in Figure 34.

Provision for Traffic During Construction. In order to expe-
dite trafhic movement with safety, considerable thought should
be devoted to arrangements for detours and one-way opera-
tions. A road to be considered for a construction expenditure
must necessarily be important enough to warrant sufficient
effort expended to insure safe and orderly traffic movement
during the construction. Accident records of proposed detours
and on the job accidents should provide a starting point for
plans to make the detour safe to carry the increased traffic
volume and plans for the provision of on the job traffic where
the road cannot be closed. Further research is also needed in
the field of lighting and signing of barriers and can be started
with the accident record.

Specific Maintenance Procedures in Relation to Safety. Ac-
cident records may point out hazardous procedures by mainte-
nance personnel. Such things as leaving road materials in the
center of the road or along the road, and lose gravel on turns
or intersections may be discovered to be dangerous from an
analysis of accident records. Deficiencies in roadway shoulders,
drainage, snow and ice removal, tree trimming, resurfacing,
signs and markings, and other maintenance neglect are reflected
i accidents.

Planning or Correcting Vertical and Horizontal Alinement.
Accident studies on existing highways may reveal locations
where accidents are occurring with undue frequency because
of some defect in alinement or grade. Degree of curvature or
superelevation may not be commensurate with speed for
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which the highway has been otherwise designed. Sight distances
may be inadequate because of curvature, or grades may be such
as to induce skids under unfavorable weather conditions. These
conditions are usually remediable, either by reconstruction or
by the application of suitable traffic control devices. The ex-
perience gained from individual locations can be used in avoid-
ing similar deficiencies in the future.

‘Specific objectives might include: (1) The establishing of
accident expectancy ratings for different curves and grades and
combinations thereof; (2) determination of the safe distance
between reverse curves by comparison of accident records on
such curves variously spaced; (3) determination of the accident
potentialities of curves at the ends of long tangents; or, (4)
the investigating of accident rates on sustained grades due to
motor truck traffic.

Provision of Adequate Sight Distances. Accidents on curves,
hillcrests, or intersections may indicate locations where sight
distance is too restricted for safety. Some obstructions to view
are easily corrected, as by removal of trees or billboards. Others
are more permanent. The engineer may be assisted by accident
records in deciding which locations will yield the greatest acci-
dent reduction for the least expense. Suggested studies include:
(1) The establishing of hazard ratings for various lengths of
vertical and horizonta] sight distances for passing vehicles, for
stopped vehicles or other roadway obstructions, and for inter-
secting traffic; (2) determination of the relation between fre-
quent restrictions in sight distances and accidents; or (3) relat-
ing night accidents to headlight visibility distance on horizontal
and vertical curves.

Determining Suitable Width for Pavement and Bridges.
The study of accidents in relation to pavement widths may
suggest a minimum desirable width to reduce side-swiping or
running off the road. Conceivably it might also indicate a
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maximum, above which separate roadways would be safer.
The volume of traffic must necessarily be considered in these
cases. Whether bridge roadways should exceed the width of
the approach pavements, and, if so, how much, is another ques-
tion that may be at least partially answered by accident studies.
Studies of transverse placement of vehicles on the roadway,
passing maneuvers, and other phases of driver behavior are also
important in the design of pavement width. Such studies may
indicate desirable factors of safety, whereas accidents show only
where the margin of safety is too small. Possible lines of research
include: (1) Comparing the accident experience on pavements
and bridges of differing lane widths and differing numbers of
lanes; (2) measuring the hazard of bridge abutments or head-
walls near the edge of the pavement; or, (3) relating pedestrian
accidents to roadway width and the presence or absence of
suitable shoulders.

Improving Pavement Surfaces. This relates particularly to
skidding accidents, as affected by pavement design and mainte-
nance. A study of accidents on different types of surfacing and
under different weather conditions should aid in the selection
of suitable pavement textures to minimize skidding. Winter
maintenance, particularly ice and snow removal, may also be
improved if accident experience is taken as a guide. Possibly
accident studies may reveal some relation between the color or
texture of pavement and the driver’s ability to see obstacles or
persons in his path at night. Consideration should be given to
such studies as: (1) Comparing the number and types of skid-
dlng accidents experienced on various road surfaces; (2) ap-
praising through accident investigation the effectiveness of
contrasting pavement for channelization or lane marking; or,
(3) comparing accidents on various types of pavements to
establish possible standards of sunlight or headlight glare re-
flectivity or of brightness characteristics of pavements under
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street light illumination. It is apparent that such research should
supplement, or be supplementary to, various laboratory and
field tests, and observations of driver behavior.

Designing or correcting superelevation and roadway crown.
On modern highways, crown is generally kept to a minimum
and superelevation is scien-

=z T === tifically designed for the ex-
N S pected speeds. There are,
e %'ﬁg however, roads of obsolete

/i:_ “@é\ design where accident records

EEFORE  BANK REVISION
SEPL 130 e SEVT. 1933

may reveal a need for recon-

- struction, as was the case
shown in Figure 35.

Improving road shoulders.

The circumstances of many

accidents suggest that they

AFTER BANK REVISION
LS sepr.asy

wwo . might have been far less seri-
o - st ous, or avoided entirely, had

the road shoulder been of
Prom: American Road Builders’ Associa

sion, Proceedings, 1940, Report of Probiem  Detter design or better main-

Commirtee on Analysis of Accident Data. t . d A d f . d .
FIGURE 35--Use of Accident Records amed. Study or acciden

in Studying the Effectiveness of Improve- data should indicate where
ment of Supere(l:i\;a;:on on Highway more adequate shoulders
' might be provided, and
should also aid in improving the design of future construction,
as to width, slope, surfacing, and the presence of such obstruc-
tions as trees, poles, and even traffic signs. Suggested studies
include : (1) Relating accident occurrence to unstabilized, im-
properly drained, or excessively narrow shoulders; (2) investi-
gating the relation between shoulder design and accidents
caused by vehicles stopping on the pavement; or, (3) relating
pedestrian accidents to the condition of the shoulder.

Installing adequate guard rails where needed. Accident data
will reveal many hazardous locations on curves, high fills, or
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FIGURE 36—Graphic Application of Accident Facts to a Highway Access Problem,

mountain roads, where guard rails may be of the greatest im-
portance in deflecting or stopping and holding vehicles that
have left the road and would otherwise continue into a worse
crash. The design of guard rails should depend principally on
controlled tests of strength and performance under impact,
but a study of actual performance, as revealed in accident rec-
ords, may show desirable or undesirable characteristics of a
nature not adapted to laboratory measurement. Accident
analysis should provide useful data regarding: (1) The relative
severity of injuries and vehicle damage caused when different
types of guard rails have been hit; (2) accident experience in
relation to guard rail visibility; or, (3) the effect of location of
the guard rail in respect to the pavement edge.
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CHAPTER VI
EDUCATIONAL USES OF ACCIDENT RECORDS

Accident records provide material for all phases of the traffic
safety education program. Some activities of the program (safe
driving contests, published daily accident totals, etc.) may be
based entirely on accident records. Other activities may be based
on material into which accident information has been woven
to show need and to create public interest. Drivers and pedes-
trians alike take more interest in safe traffic practices when
unsafe practices resulting in accidents are known.

Tvyres oF SareTY EpucaTtion PrograAMS

There are roughly two distinguishable types of educational
programs; specific and general. The first type is highly direc-
tional,-like a rifle; the general type may be classed with the
shot-gun. In the specific type of education, accident records
indicate specific groups in need of specific kinds of education.
A typical list is shown below:

GROUP EDUCATION NEEDED
Pre-school Pedestrian training
Grade-school Pedestrian training

High school Driver training

Adult Driver training

Violators Driver re-training
Commercial Driver training as a business
Aged Pedestrian training for night

walking

The general educational program, on the other hand, attempts
to take a broad view of the situation and reach all groups with
general instruction on how to live with the automobile.

108
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Accident records should be used to guide both types of edu-
cational programs into useful channels. Mass analyses disclose
the causes of accidents and therefore reveal the nature of needed
driver and pedestrian education. They point out the individuals
or groups of individuals who require particular types of educa-
tion. This identification is important because educational mate-
rial can then be selected which will appeal to each class of
individuals through a medium which will reach them effec-
tively.

ApmMiNisTRATIVE Facrors IN Sarery EpucaTioN

In the administration of the safety program of a city or state,
traffic safety education must always be given 2 prominent posi-
tion. Effective use of accident figures is one of the simplest
methods of arousing the public and of developing public sup-
port for traffic safety work.

A good illustration of the use of accident data to show the
relation between accident rates in various districts with differ-
ent levels of safety work is shown in Figure 37.

“Before and after” accident comparisons show the effect
and importance of specific traffic law enforcement, education,
or safety legislation measures. Through education, advance
publicity can be given to engineering or enforcement changes
at specific locations, so as to show the need for the changes
and thus insure public understanding and cooperation. Fore-
warning is particularly important when restrictive measures
are indicated.

TypricarL Usgs oF (GENERAL STATISTICAL SUMMARIES

Routine general statistical summaries of accident reports on
a monthly, quarterly or yearly basis reveal trends and suggest
material for the educational program. A comparison of the
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FIGURE 37—A Study of Street Accidents Occurring to Children Sixteen Years
or Under Related to Hazardous Areas.

frequency of accidents of different types and of accident sever-
ity by type will determine which problems should receive the
most attention and will furnish basic data for the attack. For
example:

(a) Actual deaths, injuries, and rates can be compared with
previous years and with other states and communities to em-
phasize the size, relative importance, and trends of the problem.

(b) High percentages of particular types of accidents should
indicate fertile fields for educational efforts. Similarly, import-
ant classifications which show increases from previous years
should be considered in the educational program.

_ (c) A traffic accident scoreboard, “clock”, or “barometer”
can be used, as a public display in the form of a sign or poster,
or in the press, to publicize the actual figures, Figure 38.
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Conrtesy Sacramento, Cal., Police Dept.

FIGURE 38--Accident Score Board.

(d) Monthly or special holiday data can be used to schedule
seasonal programs throughout the year. Suggestions for each
of the seasons are indicated below:

SUMMER
Closing of schools Fairs, carnivals, & festivals
~ Opening of playgrounds Circuses
Fourth of July Baseball games
Motoring vacations Picnics
FALL
Labor Day Harvest festivals
Closing of playgrounds Weather—
Opening of schools falling leaves
Football games early snow, sleet, fog
Thanksgiving increased hours of darkness
Hunting trips increased danger from carbon
monoxide
WINTER
Shopping trips Weather—
Christmas holidays snow and ice
New Year’s holidays long hours of darkness

poor visibility
increased danger from carbon
monoxide



112 USES OF TRAFFIC ACCIDENT RECORDS

SPRING
Memorial Day
Increased traffic volumes
Late storms

NON-SEASONAL
Conventions
Celebrations
Parades

SpeciFic APPLICATION OF (GENERAL SUMMARIES

In addition to the uses developed from the general statistical
summaries just discussed, there are a number of ways in which
information obtained from these analyses may be applied to
specific problems. To avoid confusion, it must be understood
that the dividing line between general statistical summaries and
selective analyses is not sharp, and statistically there is no dif-
ference in technique except variances in size of “population”
for analyses. The following suggestions can be based on in-
formation obtained from the standard summary:

(a) Age and race.

(1) Comparison of age groups in accidents with age groups
in the general population will indicate specific groups
needing attention, Figure 39.

(2) Child pedestrian accident data (supplemented by spot
maps of such accidents) can form the basis for a school
safety program.

(3) Elderly pedestrians may need special treatment through
church groups, old-age assistance agencies, and others.

(4) Ages of persons killed or injured in bicycle accidents will
provide a guide for the bicycle safety program.

(5) Race of persons killed or injured may suggest opportuni-
ties for educational efforts through churches, newspapers,
civic, business or fraternal associations, clubs, etc.
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(b) Driver violations.
(1) General violations totals will indicate the need for en-

of Motor Vehicle Fatalities to Ages and Classes
of Persons Killed.

forcement and will present an opportunity for building
public interest in, and support for, the work of traffic
officers.

(2) Specific violations may form the basis for a program
featuring safe driving hints and an explanation of traffic

laws.

(c) Pedestrian accidents.
(1) Totals of accidents resulting from pedestrian actions con-

(3)

trary to law or safe
practice can be used to
build support for pedes-
trian regulation.

Specific violations may
form the basis for a pro-
gram featuring safe
walking hints and an
explanation of pedes-
trian traffic laws.

Age groups, Figure
40, can be used to
determine which actions
should be emphasized
to school groups, elder-
ly groups, and others.
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FIGURE 40—Distribution of Pedestrian
Fatalities by Age Group. For Use in
Educational Work.
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FIGURE 41-—Presentation of Pedestrian
Fatalities in Terms of Population of
Cities.

(4)

Locations where pedes-
trian accidents occur most
frequently, Figure 41,
are valuable guides to
program.

(d) Driver and pedestrian

(1)

(3)

characteristics.

Drivers’ ages will serve to
point the program toward
the age groups responsible
for more than their share
of accidents.

Race of drivers involved
in accidents will suggest
special educational efforts
through religious, civic,
or fraternal groups.
Residence of drivers will
suggest areas in which
special educational efforts
may be put forth effec-
tively.

(4) Occupation of drivers will serve to direct the educational
program and suggest media such as business groups, labor

groups, etc.

(5) Pedestrian characteristics, (age, race, residence, occupa-
tion) can be used in similar fashion to direct the program

and furnish material for it.

(e) Vehicle.

(1) The type of vehicle will determine the attention to be
devoted to commercial vehicles as compared to other

tyPCS.

(2) Age and condition of vehicle may be helpful in better-
ment of maintenance and operation practices.

(f) Light, weather, and roadway conditions.

(1) Information on light conditions will be valuable in talking
_about hazards of darkness and may even suggest a pro-

gram on that subject.
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(2) Poor visibility and road surfaces with poor traction might
be emphasized in a program of reduction of speed for
weather hazards.

(g) Directional analysis.

(1) Directional analysis data will be useful in explaning how
accidents happen insofar as movement of vehicle and
pedestrian are concerned.

(2) Directional factors in accidents, such as rear end and side-
swipe collisions, can be used advantageously in develop-
ment of safe driving and walking programs.

TyricaL Uses oF SELECTIVE ANALYSES

General statistical summaries result from the summarization
of accident factors involved in all accidents. Obviously, certain
factors are likely to predominate in specific types, or classes, of
accidents and are likely to appear in combination with other
factors under particular circumstances. Selective statistical
analysis is the consideration of a group of accident records,
having some common element, to establish relationships of
associated factors. This type of analysis will provide specialized
and localized - information useful for educational purposes.
Again, it must be stated that there cannot be sharp lines of
demarcation between general statistical summaries and selective
statistical analyses. Examples are:

(a) Pedestrian—The preparation of a pedestrian summary
- will provide data similar to that available from the overall sum-
mary, but including only pedestrian accidents.

Selective summaries for pedestrian accidents may include the
following:
(1) Rural daytime pedestrian accidents.
(2) Rural night pedestrian accidents.
(3) Rural daytime non-pedestrian accidents.
(4) Rural night non-pedestrian accidents.
(5) Urban daytime pedestrian accidents.
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(6) Urban night pedestrian accidents.

(7) Urban daytime non-pedestrian accidents.

(8) Urban night non-pedestrian accidents.

(9) Age of pedestrian—summaries by age groups of pedes-
trians, including actions of drivers involved. If only one
age group can be studied, the most important one should
be determined from the general summary—probably the
child or the elderly group.

(10) Race of pedestrian—separate summaries for pedestrians
of each major race present in the community.

(11) To-and-from-school accidents—a special summary of
accidents involving children going to or coming from
school.

(12) Pedestrian actions by residence—separate summaries for
actions of rural pedestrians in both urban and rural acci-
dents and for actions of urban pedestrians in both urban
and rural accidents,

(13) Pedestrian actions and driver violations—a cross classifi-
cation of pedestrian actions by driver violations.

(b) The Driver—Selective summaries may include the fol-
lowing: _

(1) Type of accident—separate summaries by type of non-
pedestrian accident.

(2) Age of driver—summaries by important age groups of
drivers, separating school groups, young adults, Figure
42, a large middle group, and elderly drivers.

(3) Race of driver—separate summaries by each of the major
race groups present in the community.

(4) Occupation of driver—summaries for each of the occupa-
tional groups listed in the overall summary.

(5) Driving experience—separate summaries for new drivers,
those with less than one year of experience, and for those
who have driven more than one year.

(6) Residence of driver—(for states) urban and rural sum-
maries of accidents in which urban residents were in-
volved, and similar urban and rural summaries for acci-
dents involving rural residents. (Driver actions should be
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FIGURE 42—Relation of Fatalities to Travel May Reveal Accident Hazard to
Persons in Early Age Groups.
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included on each summary for only those drivers whose
residence corresponds to that of the group included on
that summary.)

Place of employment of drivers—(alternate for cities) if
information is available, schedules by types of accidents
and drivers’ violations for employees of major business
houses and industrial establishments in the city.

(c) Miscellaneous suggestions for selective summaries.

(1)

(2)
(3)
(4)
(5)

(6)

(7)

(®)

(9)

Type of vehicle—separate summaries by type of vehicle,
or a separate summary of all accidents involving com-
mercial vehicles.

Week-end accidents—a summary of accidents from Fri-
day night or Saturday noon to early Monday morning.
Rush-hour accidents—a summary of accidents occurring
during the morning and evening rush hours.

Winter accidents—summaries of accidents during snow
and ice season.

Location of accident—summaries by precinct or ward in
cities, by county or towns in states. City summaries pre-
pared by a state may be confined to a single summary
covering each urban population group listed on the
standard form.

Kind of locality—(urban only)—separate summaries for
accidents occurring in business, industrial, residential, or
other districts.

Weather—separate summaries for accidents occurring
under various weather conditions listed on the standard
summary.

Highway class—(state only)—summaries of accidents, by
primary state highways, secondary state highways and
county or local roads.

Cross classification of violations and directional analysis—
a summary cross-classifying the directional analysis items
on the standard summary with the violations listed in that
summary.
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Accment Recorps In DeveLopMENT OF ScHooL CurricULA

Analysis of accidents can be very valuable to the schools for
the purpose of re-organizing the school safety curriculum. The
records of accidents become an indication of unsafe acts on the
part of children. School authorities can use the records for
what might be called selective education, whereon studies of
accidents show where special stress should be given in the
schools. A typical chart
showing major types of g of pores venoe mal
school accident deaths is ’
shown in Figure 43.

In many areas, monthly
accident summaries are fur-
nished school superintend-
ents. The information is used
to re-direct instruction in
order to prevent a repetition
of similar accidents in the Courtesy National Safety Council

school district. Analyses of  FIGURE 43—Percentage Distribution of

: : Most Common Types of Motor Vehicle
various t) pes of accidents Deaths to School Children.

are used to study the other

factors that make for greater safety of children. For example,
several studies have shown that as the numbers of parks and
playgrounds increase in a school district, school child accident
rates dropped.

MEeasurinGg ErrectivenNess OF CHILD SAFETY PROGRAMS

Schools can also use accident records to determine the effec-
tiveness of their safety educational programs from year to year.
Most cities have found records of child fatalities inadequate
for comparisons. Total accidents involving children usually
serve as 2 more satisfactory measure of the effectiveness of child
educational programs.



120 USES OF TRAFFIC ACCIDENT RECORDS

DEGCREASE IN INJURIES TO CHILDREN

STREET ACGIDENTS — 1930 TO 1945
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FIGURE 44—A Major Reduction in Injuries to School Children from Traffic
Accidents is Revealed from 1930-1945.

The trends in injuries and deaths to children, such as those
prepared for New York City and shown in Figures 44 and 45
are useful in proving effectiveness of child safety efforts.

Records of accidents from year to year may also be used to
determine the “saving”, or cumulative reduction in child acci-
dents over a period of years. Facts of this kind, such as those
presented in Figure 46, help justify the child safety activities
in the community.

Uske or Location Stupies In EpucaTioN

Location accident studies show how drivers and pedestrians
are mvolved in accidents at specific locations. Most location
studies are instigated to determine the need for roadway better-
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ADULT AND CHILD FATALITIES
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FIGURE 45—Relating Child Traffic Fatalities to Trends in Adult Fatalities
Reveals a Major Saving in Children’s Lives in New York City, 1926-1945.

ment or for traffic controls. Accident facts and findings of in-
vestigations may also be effectively used in safety education.
The following uses are typical:
(a) To call attention to unsafe practices and conditions at
specified points.
(b) To determine safest routes to and from school for walk-
ers or for school buses.

(¢) To show chain of events, circumstances, and causes of
accidents at individual locations.

(d) To determine the need for special stress in the curriculum
in the various school districts of the city.
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FIGURE 46—Savings Credited to Traffic Accident Prevention Activities Among
School Children 1928-1945.

Use Or Spor Maps In Sarery EpUucaTion

Spot maps maintained on a routine basis can be valuable in
the educational program. An accident location map on public
display will develop public awareness of the prevalence of traffic
accidents and support of a prevention program. For best effect,
the map is located where it can be seen by the greatest number
of people. (Spot maps are discussed in Chapter IX.)

Special maps indicating the location of accident concentra-
tions of pedestrian accidents, of child pedestrian accidents, or
of other special types will indicate that something should be
done to aid pedestrians, child or adult. In addition, maps show-
ing drivers’ or pedestrians’ residences may indicate that some-
thing is particularly amiss in certain localities that calls for a
special educational effort.



FIGURE 47—Typical Uses of Accident Data in Safety Education Publications.
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OvurtLETs For Sarery EpUucaTioN AccmeENnT Darta

Accident facts as used for safety education can be used in

any number of methods of presentation and may find outlets
through any number of channels. Several interesting uses are
demonstrated in Figure 47. Listed below are a number of typical
methods of presentation and channels of release.

OvutLers For AccieEnt Dara In Sarery FEpucation-CuHaNNEL For

e B~ LV T U VR VR

10.
II.
I2.

[

NN QA bW

Radio
Public address systems
Mailing inserts with utility

RELEASE
. Mailing lists
. Newspapers 13.
. Magazines 14.
. School papers 15.
. Trade papers & house organs 16.
. Bulletin boards or billboards 17.
. Messages to parents conveyed
by school children 18,
. Store window displays 19.
. School debates 20.

21.
22,

bills, pension checks, etc.
Playgrounds

Churches

Transportation systems
Theaters

Service clubs, associations,
and fraternal organizations
Home for the aged

Garages and filling stations
Youth organizations

Police

Fairs, festivals, conventions,
etc.

METHODS OF PRESENTATION
1. School safety patrols

. Letters written by school

children to parents

. School debates

. Mailing inserts

. Leaflets and cards

. Talks and lectures

. Written articles

. Graphical methods of pre-

sentation

. Forum discussions
. Police warnings

I
2.

13.

Cartoons
Posters
Pictures or drawings

14
15

16.

17.

18.
I9.
20.
21.
22,
23.
24.
25.

. Spot maps

. Tabular methods of presen-
tation

Films & slides, both silent and
sound

Indication at fatal accident
locations

Radio scripts

Plays and dramatizations
Recordings

Postage meter inserts
Slogans

Commercial advertisements
Pavements & sidewalk stencils
Contests—essay or poster
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CHAPTER VII

MOTOR VEHICLE ADMINISTRATORS USES OF
ACCIDENT RECORDS

There are many activities of the state motor vehicle depart-
ment in which accident records can be profitably employed.
The control of the operator and the vehicle are perhaps the
most important. Control of the operator may be obtained by
denying him the right to drive an automobile unless he con-
forms to certain regulations and is able to meet certain standards.
A great many persons and agencies exert some influence on the
action of the driver, but the ultimate control lies in the granting
and suspension, or revocation of the driver’s license. The use
of vehicles is controlled through licensing, or registration. It is
possible to keep unsafe vehicles off the highway and to compel
owners to maintain their vehicles in safe operating condition.

Driver Licensine ANp LrcisLaTion Basep
ON AccieNT EXPERIENCE

It is the rule in most states that in order to obtain the privilege
of operating a motor vehicle in public, 2 driver must prove to
the satisfaction of the motor vehicle administrator that he has
the necessary knowledge and skill to operate a motor vehicle,
that he knows and understands the traffic code under which he
is to operate, and that he has the proper attitude toward the
rights and privileges of others he may encounter while operating
a motor vehicle. In some states, he must be financially able to
pay for all damages he may inflict upon others through the
misuse of a motor vehicle. Unfortunately, many damages and
losses are irreparable. In those cases only partial restitution can
be made.

127
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Traffic rules and regulations are necessary to foster safe use
of the streets and highways. Many of these regulations reflect
accident records of the past and aim to correct those practices
which drivers have demonstrated to be unsafe.

Accident analysis will indicate improper driver actions and
practices which most often contribute to accidents. Further
research into the indicated causes of accidents by investigating
what the driver was doing, or neglecting to do, will assist in the
development of safe driving regulations. As the accident experi-
ence varies, the need for changes in driving regulations and
rules of operating procedure should be considered and recom-
mended by the motor vehicle administrator. For example, the
accident record may be used to develop a measure of the valid-
ity of various license examinations. The relation of certain tests
to accident and non-accident drivers are shown in Figure 48.
In the past, some states have refused to grant drivers’ licenses to
color-blind persons, but since it is generally proved by accident
records that this defect seldom causes accidents, the attitade of
licensing agencies has relaxed.

TEST

SYSTOLIC BLOOD PRESSURE
SIDE VISION :
CHOICE REACTION ;

i

(ACCURACY)
PERSONALITY ADJUSTMENT

PASSING (ROAD TEST)

Rey: 0 10 20 30 40 SO 0 70 80 90 09

~—— ACCIDENT-FREE DRIVERS
_____ ACCIDENT REPEATERS PERCENT OF GROUP PASSING EACH TEST

From: ""Personal Factors in Safe Operation of Motor Vebicles,” by Leon
Brody, Center for Safety Education, New York University, 1941,

FIGURE 48—Driver Profiles: Performances on the Most Discriminating Tests.
This chart should be read as follows: About 20 per cent of the repeaters passed
the test of systolic blood pressure, as compared to about 75 per cent of the
accident-free drivers. In the test of side vision, approximately 40 per cent of the
repeaters passed, as compared to some 90 per cent of the accident-free drivers, etc.
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The rules and regulations controlling motor vehicle drivers,
both as to qualification and operation, must be provided by
proper legislation. Unless a law is a reasonable law, based on
sound reasoning and readily understood by the public, that
law will not be enforceable and will be largely disregarded by
the public. Therefore, a prime factor in motor vehicle regula-
tions—elimination of accidents—must never be lost from view.
‘The accident picture is the basis upon which to build regula-
tions governing drivers; accident reports and analyses must back
up proposed changes. For example, there are at present several
states concerned over the lowering of age limits for drivers’
licenses for light delivery service. This was made necessary by
the war. They are watching closely the accident and violation
experience of this age group, so as to be able to make reason-
able recommendations to the legislature for a continuance of
this policy, or a return to former age level.

AccipEnT DrivErs REQUIRE SPECIAL ATTENTION

‘The use of accident records to detect faulty drivers is very
important. Mr. Randall R. Howard says: “As yet, there is not
a practical working program by which drivers who might be
expected to have accidents could be culled out in advance.
Since psychology has not yet made it practical to detect the
accident prone driver, there remains only observation or sys-

tematic tabulation of their accident or traffic violation rec-
ords.”?8

Drivers who have been involved in several reportable acci-
dents, or who have repeatedly been convicted for violating
traffic regulations, require special attention from the motor
vehicle administrator. Some states cite a driver when his name
has come up two or three times, depending on the severity of
offenses. In many cases, both drivers involved in an accident

*Howard, Randall R., Psychology Tackles the Accident Prone Driver. Journal
of American Insurance. January 1941.
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are held equally responsible until blame can be fixed by the
courts, or through investigations. Such drivers in some states
are required to show cause why their licenses should not be
suspended or revoked. In other states summary suspensions of
licenses are effected and subsequent hearings may be requested
by the operators involved. This latter procedure is recom-

mended by the Uniform Motor Vehicle Code.

Some states are faced with the problem of large population
shifts, which occurred during the war. A number of the new
drivers and other drivers may not have met the states’ drivers’
qualifications. These drivers may neglect to apply for drivers’
licenses, and are often detected only through accident records.

Reciprocar Driving PriviLEcEs AMoONG STATES

The interchange of accident information between states can
serve a valuable purpose in connection with reciprocal privi-
leges. This interchange helps to encourage states to raise and to
keep all licensing standards at the same high level. In this con-
nection, if accident information is exchanged by the states, the
more widely dispersed knowledge of the principal causes of
accidents can lead to greater uniformity of standards and less
reluctance to extend reciprocity. ' ’

When drivers from a particular state have consistently had
accidents or violations recorded in another state, there may be
evidence of inadequate examinations and controls in the former
state. Stronger controls and stricter enforcement measures may
be appropriate to meet the proper conditions.

AccienT Recorps INn FinanciaL RespoNsiBiLITY

In the operation and administration of financial responsibility
laws, accident reports are essential. The details of the law differ
from state to state, but usually a driver who is found responsible
for an accident, or who proves to be a menace to society by
repeatedly violating the traffic regulations, is forced to prove
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financial responsibility, or is restrained from future operation
of a motor vehicle. The accident record and drivers’ file are
two of the documents upon which the official conducting the
investigation, or hearing, establishes the background of the case.

REGISTRATION OF VEHICLES

Registration of the vehicle is the permission granted the
owner of a vehicle to operate that vehicle on the highway.
Under ideal conditions the motor vehicle administrator, in
granting that permission, would certify to the public that the
design of the vehicle is basically sound and that the vehicle and
its accessories are in such repair that, to the best of his know-
Jedge, no accidents will occur as the result of mechanical failure.
An approach to that ideal condition is being made in states with
vehicle inspection as a condition of registration particularly on
initial registrations. The owner in applying for and accepting
a motor vehicle registration theoretically would also agree to
keep the vehicle in safe condition and to obey the regulations
governing the operation of the vehicle on the highway.

From accident records, it may be found that vehicles of cer-
tain sizes or weights are contributing to accidents or interfering
with the free flow of other traffic. Inasmuch as roads are built
with limitations, it is necessary to limit sizes and weights of the
vehicles to fit the roads. Some of the restrictive features are
underpasses with limited height and width, narrow lanes, pave-
ment thickness and strength, curves, and steep or long grades.
All these limit the operation of large and heavy vehicles and
make their control necessary.

Accident records are a source of information about the haz-
ard of operating different types of vehicles over different type
roadways. Such data are useful in the determination of restric-
tions and requirements for special permits.
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Stanparp For REGisTRATION Basep ON A ccipENT EXPERIENCE

In selecting the vehicles that are to be permitted to operate
on the highway, the motor vehicle administrators must satisfy
themselves that the basic designs of the vehicles so selected are
safe. Standards may be set up against which to measure the
built-in safety of vehicles. Most standards have been built up
over a period of years from trial and error. The error is revealed
by accidents. Accident records, because they describe condi-
tions which cannot be simulated in a laboratory, are among the
most important criteria of all those applied to the testing of a
vehicle. An example of this use of accident records was the
development of safety glass, now required in most states by
legislation.

Stanparps For VEmicie Accessories Basep
O~ AccipENT EXPERIENCE

As with the basic design of the vehicle, the test and proof of
accessories can be measured by accident records. The motor
vehicle administrator can base his approval or disapproval, at
least in part, on accident experiences. The accident records,
with supporting evidence, can furnish data as to the relationship
of various accessories to accident factors.

AccimenT ReEcorps Inpicate NeEp For
CompuLsorYy VEeHICLE INSPECTION

The value of mechanical inspections of vehicles has been
demonstrated by the wide adoption of compulsory inspections
in various states. Here, again, accident records point out the
need. The National Safety Council reports that there has been
a decided increase in traffic accidents resulting from defective
equipment, from 8 per cent to 18 per cent of the national acci-
dent fatalities over a six-year period beginning in 1940. Even
this sizeable figure does not include all the accidents in which
defective equipment may be partially to blame.
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Accident records often indicate common and serious mechan-
ical defects of vehicles involved in accidents. Smooth tires in
skidding accidents, brakes and steering in speeding accidents,
faulty windshields and non-operating windshield wipers in
obstructed view accidents and poorly adjusted or non-oper-
ating lights in glare-blind or rear-end accidents, are typical items
listed in accident reports. However, in certain types of acci-
dents, the condition of the vehicle is likely to be a much more
serious cause than the accident reports ever show.

Justification for vehicle inspection can also be found in less
dramatic ways than the publicizing of accident causes. Driving
a car may be a boon or a bane. Any measure which increases
the pleasure of driving and lessens the discomforts, the strain
caused by blinding headlights, the annoyance of having to
maneuver around decrepit vehicles, the failure of one’s own
car or the failure of the driver from ignorance or confusion,
needs no further justification.

OtrEeR Uses or AccipENtT REcorps By
Motor VEHICLE DEPARTMENTS

In many motor vehicle departments there are numerous other
activities in which accident records are of assistance. Some de-
partments are engaged in educational efforts, some operate their
own enforcement agency, some have set up engineering sec-
tions and employ traffic engineers. Therefore, if the activities
of the department cover a broad area, other Chapters of this
Manual will be of interest and the subject material applicable
in motor vehicle administration.



134 USES OF TRAFFIC ACCIDENT RECORDS

REFERENCES ON MOTOR VEHICLE ADMINISTRATION
USES

1. Johnson, H. M. The Detection of Accident-Prone Drivers. High-
way Research Board Proceedings, 1937. Washington, D. C. The Board.
A study of accident histories of over 30,000 drivers.

2. U. S, Public Roads Administration. Motor Vebicle Traffic Condi-
tions in the U. S., Part 1: Non-uniformity of State Motor Vebicle
Laws, U. S. 75th Congress, 3rd Session, House Doc. 462, Part 1. Wash-
ington, D. C. U. S. Govt. Print. Off. 1938.

3. U. S. Public Roads Administration. Motor Vebicle Traffic Con-
ditions in the U. S., Part 6: The Accident-Prone Driver. U. S. 75th
Congress, 3rd Session. House Doc. 462, Part 6. Washington, D. C.
U. S. Govt. Print. Off. 1938. Study of accident-prone drivers and
methods of control.

4. American Association of Motor Vehicle Administrators and Na-
tional Conservation Bureau. Traffic Accident Prevention Through
Motor Vebicle Inspection, New York, New York, The Bureau. 1945.
Importance of inspections to traffic accident prevention; promotion,
organization and administration of program.

5. DeSilva, Harry R. Why We Have Automobile Accidents. New
York, John Wiley and Sons, Inc. 1942. Discussion of many aspects of
the accident problem with emphasis on the driver and the psychological
characteristics which influence his behavior.

6. The Eno Foundation for Highway Traffic Control, Inc. Traffic
Safety Education, A Guidebook for State and Civic Officials. Sauga-
tuck, Connecticut. The Foundation. n.d. The purpose of this publica-
tion is to show the importance of accidents in a community, to deter-
mine the educational methods which have proved to be most success-
ful in accident prevention, to evaluate the relationships between the
engineering, educational, and enforcement activities and to serve as a
guide for community programs. .

7. President’s Highway Safety Committee—Report of Committee on
Motor Vebicle Administration. U. S. Govt. Print. Off. Washington,
D. C. 1946.

8. President’s Highway Safety Committee—Report of Commmittee on
Laws and Ordinances, Washington, D. C. U. S. Govt. Print. Off. 1946.



MOTOR VEHICLE ADMRS.” USES OF ACCIDENT RECORDS I 35

9. The American Legion. Motor Vebicle Inspection: An Aid to
Traffic Accident Prevemtion. A joint publication of the American
Legion and National Conservation Bureau. Indianapolis, Indiana. The
American Legion, 1946. Periodic motor vehicle inspection—an essential
factor in any well-planned and administered traffic accident prevention
program.

10. Canning, William S. Motor Vebicle Inspection. Highway Research
Board Proceedings No. 15. p. 287-293, 1935. Washington, D. C. The
Board. An analysis of the effect of inspection upon the accident rate.



CHAPTER VIIL

USES BY MOTOR CARRIERS OF ACCIDENT
INFORMATION

Information obtained from accident reports has many uses
in the operation of motor fleets. Motor carriers are especially
interested in accident reduction as a means of keeping operat-
ing costs down. A reduction in number, severity, and frequency
of accidents can cause a substantial reduction in these costs.
Furthermore, for solvency the rates charged for hauling must
be directly derived from costs of operation, including accident
costs. Accidents, then have a bearing on the cost of commerce.

THE Cost oF CARRIER ACCIDENTS

Insurance is an important operating cost and accident experi-
ence has a direct bearing on the determination of insurance
rates. There may be numerous claims as the result of an acci-
dent involving a motor carrier; the owner of the cargo is inter-
ested in the damage to his goods and the delay in delivery, or
the complete destruction and non-delivery; other persons in-
volved in the accident are interested in the damage to their
property, and in personal injuries or deaths. In addition, the
motor carrier is, of course, interested in the damage to his own
equipment, not necessarily an insurance cost, and the deaths
or injuries sustained by his employees. It follows that reasonable
expenditures for safety work, per vehicle in operation, are jus-
tified.

Aside from the effect of the accident picture on insurance
rates, an accident causes the motor carrier other expense. Com-
pletion of the contracted haul, after an accident, involves the

136
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use of other equipment and personnel with added time, labor,
and supplies not easily figured in the rates charged. Clearance
of the damaged vehicle and cargo from the highway is an added
expense. Repair or replacement of the damaged equipment must
be considered as double expense; both that of the actual repair
or replacement cost and that of the time lost when the equip-
ment could have been earning, but was not available for use.
The repair and maintenance department reflects the cost of
accidents by overtime, extra personnel required, and nterrup-
tion of scheduled maintenance. The service of an employee may
be lost as the result of an accident, with the expense found in
hospital and doctor bills as well as in injury compensation. The
effect of accidents on business can be seen by the reluctance
of shippers to send their goods by a particular carrier if acci-
dents have tied up loads in the past. Publicity which comes from
accidents is bad for business. :

Operators of truck fleets have found that accident cost rec-
ords are of immense value as an aid in planning. Complete and
detailed reports, coupled with intelligent analysis, may indicate
means by which operating costs can be reduced and services
improved. Also, in addition to the motor carrier, others, such
as governmental agencies and insurance companies, are vitally
interested in the many uses of accident records in the fleet
operating cost field.

Use oF Recorps iIn AccmeNT PREVENTION PrROGRAMS

Of all the activities which go to make up the business life of
a motor carrier, the operations branch is most directly affected
by accidents. Therefore, it follows that there is a direct and
mutual dependency between accidents, operational activities,
and the use of accident information in a program designed to
eliminate those traffic accidents. From the direct relationship
there may be worked out an overall basic program of preven-
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tion measures. The best programs are usually based on studies
of accident causes and accident trends.

During recent years, many operators have experienced in-
creasing property damage severity. That is to say, the property
damage per reported accident has increased. This would indi-

cate that more dollars in safety work per vehicle may be justi-
fied than before.

The relationship between accidents, operation costs, and
efficiency can be found in accident analyses showing the num-
ber of accidents, number of fatalities and injuries, amount of
property damage (segregated into cargo and vehicle damage
and separated between “own” and “other” ownership) and
number of miles driven.

The classification of accidents by type, or cause, may show
the number of collision, non-collision and fire accidents, also.
the “overturn on highway” or “running off roadway” acci-
dents. Accident trends may be best discovered by studies show-
ing the number of accidents by month, by year, by season, or
by other distinctive time period. Within any time period cate-
gory, the kinds or types of accidents should be indicated accord-
ing to the aforementioned classification. -

Development of the accident prevention program can come
from two types of information which analyses of accident
records reveal: (1) Examinations of accident analyses point
out and evaluate accident causation factors so that, by succes-
sive steps, principal causes may be eliminated; and (2) careful
analysis will often open up broader fields, posing factors which
previously were not only unanswered, but unknown.

As suggested, the greater the amount of information devel-
oped upon any gereral question which has been posed, the fur-
ther that general question can be broken down into specific
questions, for which specific answers can be sought. But, at the
same time, every change in highways, equipment, etc., and
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in the requirements of shippers and of travelers, will bring with
it new questions to be discovered, and stated, before the search
for an answer can begin.

In the long run, of course, analysis of accidents narrows
down to the first category as more and more things are discov-
ered and as more and more means for accident prevention are
applied.

The importance of accident records in the development of
an accident prevention program is emphasized in the long back-
ground of the Interstate Commerce Commission in accident
studies. Complete and detailed reports of accidents involving
L.C.C. vehicles are, and have been, required for the entire life
of the Commission. From these reports exhaustive studies are
made on which changes and revisions in safety regulations are

based.

Tue VEHicLE AND ACCIDENTS

The safety and operating features of commercial vehicles
have a direct relation to accident experience. Fitness of the
vehicle for the job, particular equipment for particular uses,
improvements or changes in equipment and accessories, inspec-
tion and maintenance practices, and liaison between operating
and maintenance departments, are important in accident reduc-
tion programs.

The fitness of any particular vehicle must be linked with the
type of work for which it has been used. In addition to con-
siderations of capacity, body type and power, the fitness of a
vehicle for a job can be indicated by the number and severity
of accidents, either personal casualties or property damage.
Various types, kinds, sizes and weights of vehicles must be
studied in relation to reported accidents.

Particular types of equipment have inherent qualities which
make them especially suitable for particular wses, just as other
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types, because of their built-in characteristics, are most unsuit-
able for certain uses. For example, the army had a type of
vehicle that was excellent for large bulk loads, but the frame
of this same vehicle would break in two under heavy concen-
trated loads. Much information needed to determine suitability
of various types and kinds of vehicles can be found in accident
reports and maintenance records.

VEHICLE ACCESSORIES AND ACCIDENTS

A number of improvements in, or modifications of equipment
specifications, including accessories, vehicle parts, and brakes,
come up for consideration from time to time. Depending on the
item under consideration, the information required to make the
study can be found in accident reports, drivers’ reports, main-
tenance reports and numerous other sources. For example, the
type of mechanical arrangement and the power of various
brakes for certain types of vehicles may come up for considera-
tion after a series of similar accidents have pointed out defects in
an existing system.

The need for development of different kinds of accessories,
or equipment, will often be found in accident records. For
example, the need for the development of better fuel tanks was
plainly indicated by the number of accidents involving fires
which started at fuel tanks. It was revealed by accident analyses
of fire accidents over a period of years that there was a large
difference in severity of casualties between those fire accidents
involving spillage of fuel as compared to those fires not involv-
ing such spillage (not to mention the non-fire accidents, com-
pared to which the fire accidents are so much more severe), and
that spillage of fuel was directly traceable to smashing of fuel
tanks in many instances. Cooperative work of the Interstate
Commerce Commission and the Society of Automotive Engi-
neers in preparing a specification for improved fuel tanks was
undertaken and the promulgation of this specification is now a
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recommended practice of the Society of Automotive Engineers.
All types of vehicle accessories are suggested for consideration
by studies of accident records, drivers’ reports, and maintenance
records.

INsPECTION AND MAINTENANCE

Suggestions for improvements in, or additions to, the routine
inspection and maintenance practices are found in analysis of
the record of the number and severity of accidents or road
stoppages involving mechanical defects of brakes, lights, wheels,
springs, electrical systems, or other items. The opportunity for
testing the various safety devices of a vehicle after an accident
is often overlooked.

The magnitude of mechanical defect accidents reported to
the Interstate Commerce Commission is shown in Figure 49.

A simple illustration of how the solution of a minor mainte-
nance problem can yield out-of-proportion dividends is the
story of a number of fires starting on long grades. These fires
were found to be caused by the oil and grease on dirty engines
which melted and fell on the exhaust system which was red hot
as the result of the long pull up the grade. The dirty engines
were cleaned, and the fire problem was eliminated.

A wuse of accident records as an indicator of lack of liaison
between operating and maintenance departments may also
prove valuable. Based on the accident record, a system of pen-
alties and rewards can be worked out, so that the drivers will
inspect their vehicles and report defects at once, and mechanics
will become alert in detecting and correcting otherwise seem-
ingly unimportant defects. This double inspection has saved
vehicles from lengthy “dead line” and will positively reduce
accidents due to mechanical failure. Preventive maintenance
should be carried on as a combined responsibility.
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CoNTrROL OF PERSONNEL

The selection and assignments of personnel are problems in-
volving numerous considerations, only one of which is the
accident record. Here, however, that aspect of the problem
alone will be considered.

The accident records of a carrier may show a number of
mishaps involving a certain group of drivers. Even though it
might be obvious that few accidents are of such a nature that
the carrier driver cannot be held responsible, such as a “drunk”
sideswiping a truck even though the truck driver had pulled
over to the right as far as possible and had come to a hal, all
records must be scrutinized so as to obtain facts which do reveal
driver deficiencies. After elimination of some accidents, the
number, kind and frequency can be shown for each of the
carrier’s drivers. From such studies, certain drivers can be sin-
gled out for reprimand, training, or other treatment in an
attempt to improve the record and reduce the accidents. For
example, when studies are made of the relative frequency and
severity of accidents inyolving drivers in the youngest age cate-
gories and comparisons are made with the accident experience
of all drivers of vehicles of motor carriers, it may be found that |
a greater number of accidents and the more severe accidents
are traceable to the youngest age category. This strongly indi-
cates that there should be greater supervisory attention paid to
the younger drivers and greater care exerted in the selection,
training, and subsequent observation of such drivers.

Mechanics and loaders should also be considered in accident
analyses. The number and severity of accidents involving me-
chanical defects of brakes, light, wheels, springs, electrical
systems, etc., including road stoppage due to defects in or fail-
ure of any of these devices can become the basis for contro]
of mechanics and loaders involved. This may suggest such cor-
rectives, or controls, as education, retraining, rewards, dis-
cipline, or discharge.
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Many fleet operators use accident records to give new per-
sonnel a complete introduction to their fleet accident experi-
ence. Suchan introduction could include familiarization with the
number, kind, frequency, and severity of accidents involving
personnel of various ages, kinds of training, and physical quali-
fications. From this picture the new driver should be able to
plan intelligently to avoid possible accidents and to form good
driving habits.

Old personnel should be kept up-to-date on the accident pic-
ture. When old methods of training are abandoned and new
methods are built up from accident experience, the old driver
should be called in and retrained so that dangerous driving habits
or misconceptions can be changed before accidents occur. Just
as hazards to navigation are charted and brought to the atten-
tion of all nautical persons concerned, so the accident record
points out driving hazards and all drivers should be given every
assistance possible to avoid the hazard.

Safety contests between shifts, or areas, are extremely effec-
tive in keeping accident rates down and interest in safety up.
The measure of success between groups is indicated by the
accident rates or the safety record of the groups. Accidents,
fatalities, injuries, property damage per unit of time worked,
miles traveled, or other selected common standards when given
numerical values will show which group is achieving most suc-
cess in preventing accidents.

Similar to the group safety contest, is the system of individual
rewards and discipline. From the accident records it can be
seen whether a man has avoided accidents where others driving
with the same exposure have not avoided accidents. The incen-
tive to avoid accidents may be encouraged by an award. Men
like to excell and prove to themselves and others that they are
well qualified for particular jobs.

Many suggestions can come from studies of truck accidents
by time of occurrence. Data, such as shown in Figure 50, when
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related to exposures can point the way to improved operating
practices.

Studies of accident reports submitted by motor carriers indi-
cate a relatively high proportion of non-collision accidents as
compared to collision accidents for certain hours of the day,
notably between 2:00 A.M. and 8:00 A. M. Since many non-
collision accidents are largely traceable to driver failures and,
in a considerable proportion of cases, to driver fatigue and
sleepiness, this factual information from accident records cor-
roborates a prevalent opinion that drivers are more prone to
drowse just prior to and just following dawn. These data in-
dicate the desirability of devising means for the better control
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of drivers and operations during these particular periods to
avert or ameliorate indicated hazards. Pertinent items for re-
search are: (1) hours on duty, (Figure 51), (2) hours driving,
(3) how the driver spends off-duty time, (4) adequacy of
sleeping quarters, and (5) noise, temperature, and other adverse
conditions at rest stops. State and interstate laws now provide
some control, but the problem will always require continuing
study.

Accident reports and statistics, with mechanical reports,
special inquiries and research, further reveal that motor carrier
operators are exposed to occupational disabilities. The driver’s
physique, temperament, or attitude may be definitely altered
by the effect of working hours, time of day on duty, comfort
of cabs, position or dimension of the driver’s seat, and operating
mechanisms. Strain on the driver, imposed by trying to com-
pensate for a single defect may cause him to be negligent of
another. Continued strain will result in a breakdown of safe
and efficient operation. Perhaps it will never be classed as a
direct cause of an accident, but it may be a contributing cause
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even though not readily detected. For example, an analysis of
accident reports indicates that there was a relatively large cate-
gory of accidents reported which involved over-turns on the
highway, running off the highway, running into culverts and
bridge abutments, and similar accidents in which there was no
apparent reason for occurrence. As has been pointed out, there
was probably a correlation between the occurrence of such
accidents and excessive hours of service, extreme fatigue, illness,
etc. Still the causes of many of these accidents remained un-
known. Conjecture was aroused, after the study of such unex-
plained accidents as to the behavior of drivers, which, in some
accidents was suspiciously like the behavior of persons under
the influence of carbon monoxide poisoning. Carbon monoxide
detectors were purchased and field work was undertaken to
-ascertain whether or not there was a correlation between the
occurrence of otherwise unexplainable accidents and the pres-
ence of carbon monoxide. Many other similar studies may be
suggested by accident records.

OreraTiONAL PrRACTICES

Where there is a choice, the selection of new routes and
changes in old routes may be settled by the answer to the
question “Will the Joad be delayed or stopped by accident?”
A study of the contemplated route, considering frequency
and severity of accidents at particular locations, driving time,
and speeds will usually indicate the proper decision. The greater
operating expense involved in choosmg a longer but less hazard-
ous route rather than a shorter route is justified. The experience
of one company showed the loss of at least one truck a month
on a narrow, twisting route through the mountains during the
winter months. A change in route increased the mileage, but
eliminated the accident loss, thus producing an overall saving.

Flexibility in time scheduling should be utilized in avoid-
ance of hazards influenced by the time of day or day of the
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week. For example, Sunday night between eight and midnight
on all roads leading into New York City may be found to con-
stitute a high accident expectancy period and should then be
avoided when possible.

The loading of a truck directly affects its operating charac-
teristics. The relationship of accidents to payload distribution,
shifting of load, or overloading should govern the approved
loading practices followed by the carrier. It is not uncommon
for the load to get out of control, in spite of the driver’s skill.
Overturning, sideswipes, skidding, and rear-end collision acci-
dents may occasionally be due to improper loading. The sever-
ity of an accident may also be affected by loading practices.
Using the vehicle best suited to the load, securely fastening
the load, and avoiding top heavy and loose loading will go a
long way toward preventing this type of accident. Special in-
vestigation may be necessary to develop the best plan for
peculiar Joadings.

Shippers may actively cooperate with the carrier when the
relationship between parking, loading, and containers and acci-
dents becomes known or is suspected. Any changes, or improve-
ments, work to the benefit of the shipper because his goods
then arrive at destinations safely and in better condition.

Certain types of lading, such as explosives and other danger-
ous articles, by their very physical and chemical characteristics,
present difficulties and risks in transportation. Correction of
practices in handling these types of lading can be found by
research . involving number, kind, and severity of accidents
peculiar to each. For example, analysis of accidents involving
the transportation of explosives has led to the improvement of
inspection and maintenance practices of motor carriers so en-
gaged. Examination after one fire on a vehicle transporting
dynamite, (fortunately not an explosion) revealed that a leak
in the exhaust system had been the source of the fire. Forewarn-



USES BY MOTOR CARRIERS OF ACCIDENT INFORMATION I49

ing from previous analyses of similar accidents indicated
where to look for the source of the trouble with particular
regard to the place at which it originated.

Once again the measurement of the fitness of vehicles for the
type of work for which they are being used arises in the dis-
cussion of dispatching. Dispatching usually includes selection
of the proper vehicle for the load. This selection can be checked
by the consideration of a number of factors, one of which is
the relationship of accidents to vehicles ill-adapted to the car-
rying of particular kinds, sizes, or weights of loads when others
better adapted are available.

In the discussion of fitness of vehicles for the job they are
expected to perform, the matter of obsolescence must be consid-
ered. Comparisons of accident frequency and severity and the
cost of repair of various vehicles by age, miles traveled, and also
by frequency of driver complaints and number of highway
breakdowns will assist in decisions as to when to retire the veh-
icle or continue it in service.

CHANGES OR MODIFICATIONS OF LEGISLATION OR REGULATIONS

Laws, ordinances, and regulations almost without number,
have been proposed and often passed to regulate, control, ham-
per, and sometimes to “strangle” motor carriers. Some actually
increase the confusion, while others are necessary and result
in the reduction of specific types of accidents. The motor car-
riers, by the use of accident reports and statistics, can help clar-
ify the situation for the law-makers and thus avoid needless
expense and trouble. Laws regulating the number of hours a
driver can drive had their beginning in accident reports and
now work for the benefit of carriers and drivers alike. Many
unsafe practices have their origin in the necessity of meeting
competition; perhaps they could be eliminated by the industry
as a whole through requested legislation based on accident
records and statistics.
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DeverLopmENT OF PusrLic RELATIONS

A carrier can realize considerable benefit from the publicity
of certain results gained through a safety and accident elimina-
tion campaign. Courteous and safety-minded drivers are the
best advertisement a carrier can possibly develop. Selling safety
is selling goodwill. Many aspects of public relations which are
related to safety will suggest themselves.

TERMINAL FAcILITIES

An intelligent survey of the accident picture will show the
carrier that accidents are not restricted to the road, but even
invade his terminals. Inadequate yards, docks, platforms, exits,
gates, and lighting account for a substantial part of the accident
expense. Even such a simple thing as continual damage to rear
lights when trailers are backed to a dock should be investigated.
Often an clementary solution can be supplied. Consideration
given to various yard or dock buildings, fixtures or equipment,
mentioned repeatedly in accident reports, will pay dividends
in the long run.

Usk or Accipent Darta By Groups oF CARRIERS
oR BY CARRIERS’ ASSOCIATIONS

It is apparent that in certain cases an individual motor carrier
will not have a sufficient number of data on a particular subject
to warrant conclusions being drawn from his own accident
experience. In such cases, the consolidation of accident statistics
of a group, on a company, state, sectional, or nationwide scale
may serve to accomplish the purposes which the individual
could not accomplish alone. From such cooperative use of statis-
tics may come broad educational policies, development of new
or novel methods of awards or discipline, safety contests on a
broad scale, statewide or nationwide public relations, needed
legislation or regulations. These are illustrative and are but the
most obvious. Others will be suggested.
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Suggestions for improvements in such basic devices as brakes,
headlights, ignition systems, wiring, and fuel tanks, are par-
ticularly important, but are difficult to prove for the individual
carrier with limited experience. Therefore, the development of
these and other basic devices can well be included in the research
program of larger groups. Defects and suggestions for improve-
ment may be indicated by the larger possible volume of acci-
dent records available to the cooperative group.

From extensive analysis of mechanical defects, may come the
development of new mechanisms and devices. The need for such
development may be established by the examination of many
accidents in which these mechanical devices may appear to be
causative factors.

Since the effect of an accident is felt by a motor carrier in
all phases of operation, and it might even be said that continu-
ance in business depends to a considerable degree on accident
experience, it follows that collection, analysis, and use of acci-
dent statistics should be a major consideration. Most carriers,
because of governmental and insurance regulations, have at
hand detailed and complete accident data. Therefore, continual
analysis and use of the data cannot be too emphatically em-
phasized.
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CHAPTER IX

BASIC ACCIDENT ANALYSIS METHODS

The collection of accident records alone is of little benefit in
accident reduction. The inspection of a single accident report
will seldom yield valuable information; it will indicate some
sort of traffic trouble, but only as it affects an extremely small
part of the motoring public. The comparison of that report
with another usually will yield only a little more information
of value, but a start has been made,—a feeble, vague, and often
misleading indication. This indication grows clearer as the num-
ber of reports is increased. This sorting of evidence and adding
up small items of fact is the analysis of accident records. As a
result of such analyses, conclusions may be drawn and plans
may be made for the reduction of future accidents.

The material included in this Chapter may be partially classi-
fied in terms of the complexity of the mathematics involved.
It is assumed that the user of this Manual is adept at simple
arithmetic and algebraic calculations. At the other extreme, the
relatively advanced statistical techniques, which experience has
shown are not normally necessary nor practical in traffic acci-
dent analysis work, have also been excluded. Those with ade-

uate mathematical background are urged to familarize them-
selves with advanced statistical techniques so that upon occasion
when application to accident analysis is desirable, they are pre-
pared to make this application. Such individuals are referred

to the bibliography of standard statistical texts at the end of
this Chapter.

Here will be found the simple statistical techniques which
are normally and frequently employed in accident records

I53
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work. These techniques should be used from day to day by
traffic accident statisticians. In many cases, the user may not
~ have realized that he is making use of a particular technique,
or he may not recognize it by technical name. In any case, these
techniques should be familiar to everyone in accident records
work, and their use should be second nature. It is recognized
that the contents of this chapter are extremely elementary to
persons familiar with statistical techniques, and it is intended.
therefore, for users of the Manual who are not so well versed
in statistical procedures.

THE ORGANIZATION AND DEscripTiON OF NUMERICAL DATA

The Array—The simplest method of organizing numerical
information is an array, or list, of values from high to low. For
example, the number of accidents occurring in each county is
tabulated and the counties are then arranged in order from the
high number of accidents down to the low number of acci-
dents, or vice-versa. In cities, a frequently used technique is
the “worst corner list” which is an array, with intersections
arranged in order of the number of accidents occurring at each
one. Many such lists are used chiefly to establish priority of
treatment and are, therefore, in such cases, termed “priority
list” or “worst location lists”.

Frequency Distribution—Another commonly used method
of organizing numerical data is called frequency distribution.
Here data are grouped together into 2 number of convenientl
sized groups, or “class intervals.” A common example of a fre-
quency ditsribution is found in the schedule of drivers’ ages,
common to most traffic accident summaries. A typical schedule
is shown below:

AGE OF DRIVER NUMBER OF DRIVERS
Under 16 years 24
16-17 years 39

18-20 years 52
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20-14 years 67
25~34 years 214
35-44 years 161
45-54 years 62
§5-64 years 49
65-74 years 33
75 years & over 11

Total Drivers 712

As a general rule, class intervals of equal size are preferred
over intervals of varying size. In the age distribution just shown,
the five principal class intervals each cover an age span of ten
years, but for the ages below 25, the class intervals are smaller
because it is generally desired to study these groups more
closely. Notice also that the intervals beginning and ending the
distribution need not be definitely fixed.

Sometimes the frequencies are cumulative, and the graph of
such a distribution is known as an “ogive”. Examples of this
occur more frequently in traffic engineering, perhaps, than in
accident records. The curve shown in Figure §2 is an example
of a cumulative distribution curve in accident analysis.

Awverages—In many studies, it is desirable to find a single value
which represents a group of data. This single value is loosely
termed an “average”, although there are actually several differ- '
ent kinds of averages. To avoid misunderstanding, it is preferable
to refer to each kind of average by the correct technical term.

(1) Arithmetic Mean—This is the most common type of aver-
age. It is determined by adding together the individual
values of a number of items and dividing by the total
number of items. Thus the mean number of accidents
on Monday during a given year may be calculated by
adding together the accidents occurring on all Mondays
during the year and dividing by the total number of
Mondays during that year. If, as is frequently the case
with accident rates, it is desired that an average reflect
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AGE OF WHITE, COLORED DRIVERS IN FATAL ACCIDENTS
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From: "Facts About Traffic Accidents in South Carolina, 1940,”
South Carolina Siate Highway Depariment.
FIGURE 52—Sample Cumulative Distribution Curves Applied to Traffic
Accident Data.

the size (and therefore the importance) of the various
cases, a weighted average may be employed. Thus, if the
average death rate for a number of cities is desired, it is
customary to add all the populations and all the deaths,
and then to divide the total deaths by the total population
to obtain a weighted mean. The mean has the disadvan~
tage of being influenced by any extremely wide varia-
tions of one or more of the individual values. Thus,
if ten cases totaling 250 are averaged, the mean is 25.
If a single additional case of 500 is added, the mean is
750 divided by 11, or 68—a value which does not repre-
sent either the original 10 cases nor the one additional
extreme case which was added to the group.
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(2) Mode—The mode is the value which occurs most fre-

quently in a frequency distribution. The class interval in
which this value falls is known as the “modal group.”
Thus in the distribution of drivers’ ages shown previ-
ously, the age group 25 to 34 years had in it a larger
number of drivers than any other age group. The group
25 to 34 years is then the “modal group”. The mode is
not affected unduly by extremely high or extremely low
figures as in the mean.

157

(3) Median—The median is the middle case counting from
either end of an array. If the array has an odd number
of cases, the median will be the middle value. If the array
has an even number of cases, the median will be midway
between the two middle cases. The median of the series
1,4,5,9,9, 10, 11 is 9. The extreme values may be changed
so the series is 4, 7, 9, 9, 15, 16, 24 and the median re-
mains 9, although the mean has been increased from 7
to 12, Because the median is a positional value, it is rela-
tively free from the effect of wide variations in an ex-
tremely low or extremely high figure.
(4) Percentile—In some cases it is not desirable to pick the
middle value—the median. If another positional value is
o fixed, it is called a percentile and
"ooE is preceded by a figure which
MEDIAN indicates the position. That is, the
" MEAN i i 85 percentile value is the posi-
2 |1 i \peewme.  tional value 85 per cent of the
[y [
o RN way from the bottom to the top
it E i E of the array. The median, which
2 R is the middle positional value, is
E S thus the so-percentile value. The
SR 85-percentile value is commonly
o . .
: used in talking about speeds, for
o MILES PER HOUR 40

From: Manual of Traffic Engineering Studies,
National Conservation Burean, 5

FIGURE 53—Speed Distribution Curve

Showing Location of Different Types of
Averages and 85 Percentile Value.

traffic engineers feel that this
value, which indicates the speed
at or below which 85 per cent of
all the vehicles observed were
traveling, represents the maxi-

mum safe speed better than the mean or the median.



I§ 8 USES OF TRAFFIC ACCIDENT RECORDS

The location of this value in relation to the others pre-
viously mentioned is indicated in the speed distribution
curve shown in Figure 53.

Ratios—To express the size relationship between two quanti-
ties, it is common to say that one is a certain number of times
as large as the other. This is called a ratio. The commonly used
traffic “enforcement index” is a ratio—expressing the relationship
between convictions for moving traffic violations and personal
injury accidents. Another relationship, frequently expressed as
a ratio, measures the volume of reporting of traffic accidents.
Thus, if a record bureau receives reports of 20 fatal accidents,
840 non-fatal injury accidents and 3,260 property damage acci-
dents, the ratio of personal injury to fatal is 42 to 1 (or g42:1,
as commonly written) and the ratio of property damage to fatal
accidents is 163 to 1 (or 163:1). That is, there were 42 times
as many personal injury accidents reported as fatal accidents,
and 163 times as many property damage accidents reported as
fatal accidents.

Rates—A special kind of ratio in which one quantity is meas-
ured in terms of another is called a rate. Motor vehicle speeds
are commonly expressed as 2 rate, ie., “40 miles per hour”.
Gasoline consumption is referred to in terms of “miles per
gallon”. Rates are necessary in accident work to compare the
frequency of accidents in different areas, or for different per-
jods, since exposure to accident may vary widely and a uniform
basis for comparison must be adopted.

Three types of rates arc commonly used: (1) The population
rate; (2) the motor vehicle registration rate; and, (3) the mile-
age rate. The first two are most frequently used for comparing
accident experience of cities, while the mileage rate is generally
used for state-wide, rural area, county, or specific highway com-
parisons. The population rate is generally expressed as deaths
per 100,000 population or accidents per 1,000 population. Thus,
a city with 50,000 people having ten deaths is said to have a
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population death rate of 20.0 deaths per 100,000 population.
If the population were 250,000 and the deaths totaled 40, the
population death rate would 16.0 deaths per 100,000 population.
The motor vehicle registration rate is commonly expressed as
deaths per 10,000 registered vehicles or accidents per 100 regis-
tered vehicles. The mileage rate is usually in terms of deaths
per roo-million vehlcle—mlles or accidents per million vehicle-
miles.

"The rate bases selected are quite arbitrary, having been chosen
to yield a rate which usually has two figures to the left of the
decimal for most cities or states. A rate of 12 is easier to remem-
ber than a rate of o.012 or a rate of 1200. The rate bases, al-
though arbitrarily selected in the first place, should be used
uniformly by all cities and states.

Comparisons of accident conditions in relation to changes or
improvements are commonly referred to as “before” and
“after” studies.

Percentages—Another special ratio is called 2 percentage.
This is the “rate per 100”, and is commonly used in determin-
ing the proportion of a whole which a quantity represents, or
in calculating the change or difference between two quantities.
Thus, if accidents during a year totaled 1240 and 150 of these
occurred on Wednesday, the proportion of all accidents which
150, OF
1240
o.121, that is, 12.1% of them happened on Wednesday.

Rates and percentages are especially useful in comparing dis-
tributions when the magnitudes in the distributions vary widely.
For instance, in checking the results of enforcement planning
it 1s usual to compare accident experience and arrests by time,
violation, and location. In Table VIII, the two are compared
by day of the week, and without the percentage columns it
would be very difficult to pick out the fact that on one day
(Sunday) enforcement was not applied in as high degree in

occurred on Wednesday can be expressed as the ratio—2—_
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relation to accidents as on other days. The same deficiency is
reflected when the ratios of accidents to arrests are compared.

TABLE VIII
COMPARISONS OF ACCIDENTS AND ARRESTS

DAY OF ACCIDENTS ARRESTS
WEEK NO. % No. %
Monday 54 9.7 705 10.§
Tuesday 47 8.4 584 8.7
Wednesday 64 11§ 818 12.2
Thursday 65 11.6 806 12.0
Friday 89 15.9 I110 16.5
Saturday 142 25.4 1766 26.3
Sunday 98 17.5 923 13.8
Total 559 100.0 6712 100.0

Percentages are also useful in calculating changes. If pedes-
trian accidents totaled 44 during the month of January in a
particular city and increased to 62 in February, this change can
be expressed as a percentage of the January total. The increase
was 18, which is 41 per cent of 44. The statement would then
be made that pedestrian accidents had increased 41 per cent
from January to February. If, on the other hand, the February
total had been 40, the decrease would amount to 4, or 2 9.1 per
cent decrease for February as compared to January.

Several precautions are necessary in dealing with percent-
ages. When calculating percentage changes, for instance, if the
numbers used are very small the calculated per cent change
may be misleading. An increase of from 1 to 2, or a decrease
from 1 to o, both indicate a 100 per cent change, which would
be startling to say the least if the figures were larger. Actually
it signifies little or nothing, since the change in this case is
only 1. A 20 per cent increase from 5 to 6 certainly does not
stand out in the same fashion as 20 per cent increase from 200
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to 240. It is evident that percentage change must be considered
in connection with the actual change to determine whether or
not it is significant.

Another common source of error in dealing with percentages
develops when an attempt is made to combine or average them.
The same thing can be said for rates. Assume that a state record
bureau determines that 30 per cent of its fatalities in rural areas
are pedestrians and 8o per cent of its urban fatalities are pedes-
trians. What is the state-wide percentage? Is it 55 per cent, the
average of 30 per cent and 8o per cent? The answer is probably
no, for no account is taken in making that calculation of the
relative number of urban and rural deaths. If the total rural
deaths were 100 and the total urban deaths were 300, then the
urban percentage is 3 times as important in determining state-
wide pedestrian percentage as is the rural percentage. Actually,
there were 30 rural pedestrian deaths and 240 urban pedestrian
deaths, or a total of 270 pedestrian deaths—67.5 per cent of the
total of 400 deaths.

Time Series—When data are arranged by time, rather than
by magnitude as in a frequency distribution, the tabulation is
called a time series. Such series are often called “chronological
series”. They reflect accident trends for successive periods of
time. The hour of day schedule on conventional traffic accident
summaries is an example of a time series. Accidents listed by
month or by year are other examples.

Four types of fluctuations occur in time series, and they
should be recognized so that they will not be wrongly inter-
preted. These four types are: (1) secular trends; (2) cyclical
fluctuations; (3) seasonal fluctuations; (4) other or random
variations.

Secular trend is a non-periodic change which is evident over
a long period of time. An example is the downward trend in
mileage death rates during the past twenty years. This rate has
declined steadily from 19.0 in 1925 to 9.7 in 1946.
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Cyclic fluctuations are the phenomena probably responsible
for the old adage that “history repeats itself”. They occur fairly
regularly, generally at intervals longer than a year, producing

waves first on one side and then on the other side of the secular
trend line.

Seasonal variations occur at shorter intervals—a year or less.
They occur periodically, at annual, monthly, daily, or hourly
intervals. A time series of deaths by months of the year shows
pronounced seasonal fluctuations. Year after year, deaths drop
sharply in February, are low in March and April, begin to
climb in May, and reach a peak in December. The fact that
deaths in a particular state were lower in February than in
January is not necessarily cause for congratulations, therefore,
since it probably reflects only the normal seasonal fluctuation.
Seasonal variations are also found in a distribution of accidents
by hours of the day and by days of the week. The chart shows
secular trend, cyclical fluctuations, and seasonal variation in rela-
tion to one another. A typical trend is shown in Figure 54.

Other variations may be random variations, caused in some
cases by chance, or they may be variations due to some special
cause, such as an intensified enforcement or educational pro-
gram. These other variations, therefore, become of primary
importance to the accident records bureau. If secular trends,
cyclical fluctuations and seasonal variations are eliminated, and
if the sample is large enough so that random variations are not
apparent, the remaining change may be evidence of a trend
brought about by accident prevention efforts. Adequate studies
of the influence of important factors on accident trends, may
permit the calculation of “accident expectancies.”

Index Numbers—Frequently when it is desired to indicate
change, particularly in a time series, one quantity or several
quantities may be expressed in index numbers. This means that
each quantity at one particular time, referred to as the base
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FIGURE 54—Trend in Traffic Deaths by Months.

period, is assigned the value of 100. At any other time, then,
the quantity is expressed as a percentage of the quantity during
the base period. This percentage is the index of the quantity at
that time. In Table IX, are listed accident totals for each of five
years, from 1941 through 1945, with index numbers shown
for each year, using 1941 as the base period:

TABLE IX

Accmoent InpEX NUMBERS

NUMBER OF INDEX
YEAR ACCIDENTS (1941 = 100)
1941 320 100
1942 300 93
1043 242 76
1944 260 81

1945 384 120
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Index numbers are particularly useful when it is desired to
relate in a time series two quantities which differ greatly in
magnitude. By expressing them both in index numbers, it is
much easier to compare trends and relative changes.

Favracies in INTERPRETATION OF RESuLTS

There is an old saying that “figures don’t lie, but liars figure.”
The origin of this adage undoubtedly lies partly on the shoul-
ders of statisticans who painstakingly collect and analyze data
and then fail to summarize or interpret them correctly. Obvi-
ously data are of no value unless their meaning can be indicated
clearly and translated into policy and action by administrators.

It has been pointed out that there are two principal defects
with traffic accident statistics today.*® One of these is that pub-
lished figures often don’t mean anything—sometimes they are
trivial, sometimes they are obscure or too complex, and some-
times they “prove” something already well-established, or they
unnecessarily refine facts already known with accuracy sufh-
cient for all practical purposes.

On the other hand, some figures don’t tell the whole truth.
Casual factors,which arenot obviousto the lay reader, but should
be to the competent technician, are not mentioned. Deaths go
down and credit is taken for the safety program, when actually
the reduction was due to a decrease in the use of vehicles. Ac-
cidents of one particular type go down, and this fact is widely
publicized as a gemeral improvement in the record, with no
mention of an increase in another equally important accident
type. Or perhaps child accidents go down—daytime accidents
also go down, and pedestrian accidents go down. No mention
is made of the fact that more children are pedestrians than driv-
ers, and that most child accidents occur during daylight hours.
The relationship between these items is so involved as to make

2*Williams, Sidney J. The Whole Truth, Public Safety, Vol. 28, No. 2, pp. 6-7,
August, 1945.
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it relatively impossible to assign a specific cause for a reduction
n any one of these three types.

There are a number of specific fallacies which can be enum-
erated and with which statisticians are familiar. These are set
forth in the following paragraphs.

Generalization of the Basis of an Average—A state traffic ac-
cident records bureau may determine that railroad grade cross-
ing accidents represent only a small proportion of the state’s
total traffic deaths, and the conclusion may, therefore, be
reached that the problem is not important. This may be true
for the state as a whole, but may be wholly untrue for a par-
ticular area in the state in which grade crossing accidents may
be relatively quite important. Another example may be cited
in the case of a city records bureau which decided that accidents
on icy road surfaces accounted for a small proportion of the
annual accident total. When the months of December, January
and February were considered alone, however, this road con-
dition would be discovered to be much more important than
was at first believed true.

Reasoning From a Particular Case to a Statistical Generaliza-
tion—Moving in the opposite direction may be just as fallacious.
It is incorrect to assume that because a particular type of acci-
dent or a particular accident circumstance is prevalent at one
location or at one time, it is prevalent throughout the whole
area or for a long period of time. Special circumstances at the
imstant or at the specific location may not be repeated in other
areas or at other times. A concentration of child accidents in a
particular area may mean only that a large elementary school
in that area produces such child pedestrian traffic, and the child
accident problem in the whole city may not be proportionately
large. Drunken driving may be 50 per cent of the accident prob-
lem in a night club area, but only 20 per cent of the total acci-
dent problem.
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Uniustified Assumption of Cause and Effect—This fallacy
interprets as cause and effect what may be actually the result
of other causes or of pure coincidence. An educational program
is instituted on the theme that a “STOP” sign means a full stop,
and accidents involving this violation show a decrease. The
educational program may be credited with this decrease, when
actually reference to arrest records of the police department
will indicate that enforcement of this particular phase of the
law was greatly sfepped up during the same period. Was the
increase due to the educational program or to the additional
enforcement effort?

Street lighting is improved in another area, and night acci-
dents decrease. Was this the cause, or was the decrease attribut-
able to the fact that night traffic volume fell off sharply with
the ending of night shifts at Jarge industrial plants in the im-
mediate vicinity?

If one event always follows another—if the grass is always
greener after a rain, or if accidents go down every time an
educational program is conducted or improved street lighting
is installed—then we may properly conclude that the one event
caused the other. Obviously there are exceptions due to chance
or other factors—a rain in August may not revive a lawn burned

by the hot July sun—but the cause and effect relationship still
holds.

Spurious Accuracy—One of the marks of a beginner in the
field of statistics is over-accurate results. Figures are carried to
two, three and four decimal places, property damage losses are
carried to the last penny, and totals generally are refined beyond
reasonable limits.

Statistical data come under two headings: (1) Counts of real
and distinct things, such as persons or accidents; each item
making up a total can be accurately counted and tabulated
without fractional values; and, (2) Measurements and estimates,
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such as economic loss from accidents, vehicle-miles operated
during a given period of time, or the total number of accidents
which probably happen, based upon partial or incomplete
figures.

When working with the first group of figures, results may
be written with a fine degree of accuracy. If 781 persons were
injured in traffic accidents, and we have an actual count of
this from reports, then we know that the figure is 781 and not
780.99 and not 781.01.

This is not true when dealing with the second group dis-
cussed above. Suppose we are attempting to calculate total prop-
erty damage as a result of traffic accidents. One report states
that the damage amounted to $2,500, while the report on the
next accident says that the damage was $16.80. Obviously, the
first is a round figure, probably representing the approximate
value of a large vehicle, while the second figure is presumably
a garage estimate or perhaps the actual repair bill. It would be
definitely wrong to add these two and say that the total prop-
erty damage of these two accidents amounted to exactly
$2516.80.

Likewise, the state highway department may furnish a figure
representing vehicle-miles traveled on rural state highways
during an average 24-hour period during the year. Suppose this
figure were 8,265,000 vehicle-miles per day. Multiplying by
365 to get the annual figure would produce a result of 3,016,-
725,000—a figure which is too refined for the data going into
it. The total should be expressed as 3,017,000,000—0r even
3,000,000,000—vehicle-miles. This is based on the principle of
significant figures.

Significant figures are those which are, or can be, written
down to indicate the magnitude of an item or factor. They are
a measure of the accuracy of the data used in determining the
number. Integers—whole numbers like the 781 deaths men-
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tioned above—are absolutely accurate. This number can be
written 781.0000—with as many zeros as desired. There is no
limit to the number of significant figures in such a case. The
number 2.1, however, has but two significant figures. The num-
ber 21 also has two significant figures, as does 210 or 21,000.
The number z.10 has three significant figures, and 21,000.6 has
six significant figures. The number o.002 has only one signifi-
cant figure, however, since the zeros in front of the “2”’ do
not 2dd to its accuracy. The number 0.00280 has three signifi-
cant figures, while 0.0028 has but two significant figures.

This discussion of significance should not be confused with
significance for size. That is, we say that o0.002 has but one
significant figure (see above) but we also say that o.00z is
WS . . ! s .

significant to the third decimal place,” and that 0.00280 is
“significant to the fifth decimal place.”

To avoid spurious accuracy when adding or subtracting num-
bers, the results should be stated with ne more accuracy than
the least accurate figure going into the problem. An example
of proper accuracy in addition is as follows:

2087
69.21
4.018
120.9

2281.128 Answer — 2281

Since the least accurate figure, 2087, is not good to any
places to the right of the decimal, the answer should be rounded
off to 2281. If the 2087 had been an exact figure which could
have been written 2087.0000 . . . . , the least accurate figure
would have been 120.9, and the answer would have been writ-
ten 2281.1, or with five significant figures. The individual
items could have been rounded off before addition, but this
would have produced slight errors in each figure which might
have accumulated into a sizeable error in the sum.
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When multiplying or dividing, the results should be stated
with no more significant figures than the least accurate of the
numbers used to form the product or quotient. For instance,
12 multiplied by 12.2 is 146.4, but since 12 has only two sig-
nificant figures, the product should be written as 150. Had the
12 been a whole number—that is, had it been possible to write
it at 12.000...~the 12.2 would have been the limiting factor
and the product would have been written 146. Had it been
possible to write the second figure in the multiplication problem
as 12.20, the answer would have been correctly stated as 146.4
(assuming the 12 to be a whole number).

All of these examples assume that the numbers used in the
multiplication are all stated as accurately as possible. It must
be recognized that the degree of accuracy may vary. Thus a
figure of 21,000 may be used as the population of a city. The
total of 21,000 may be the official census figure—as accurate
as any census can be—or it may be a round number determined
by estimate or guess. As a census figure it would have several
more significant figures than if it were in the later classification.

Failure to Recognize Chance and Probability—Another fal-
lacy which frequently appears in statistical work involves the
undue importance attached to small figures. Records dealing
with such figures fail to take into account the elements of
chance. A city, for instance, experiences 1o traffic deaths dur-
ing one year, and the following year has only 9 deaths. Arith-
metically this represents an improvement of 1o per cent—statis-
tically it does not indicate much, since the figures are so small
that chance alone could well have accounted for the difference.

Frequently enforcement planning, involving the assignment
of police patrols on the basis of accident experience, fails be-
cause too small a sample of accidents is used as a base. Hourly
assignments are planned on a total of. perhaps 30 accidents,
which means that during many hours of the day only one or
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two accidents are indicated and that during some hours of the
day no accidents are shown. If this were taken literally, twice
as many patrols would be assigned during those hours with two
accidents as during the hours with one accident, and patrols
would be removed entirely during the hours when no accidents
were reported. Actually, if a larger group of accidents were
used as a base, these large fluctuations would disappear- in all
probability, and the need for enforcement attention would be
much more even, but with definite peaks during certain periods
and definite lows during other periods.

"Another aspect of the problem develops when statisticians
fail to take into account the normal probability of accidents.
Two examples of this are cited.

The first involves a study of accidents by day of the week
for a given month during which 100 accidents were reported.
These were distributed during the 7 days of the week as fol-

lows:
NUMBER OF

DAY ACCIDENTS
Monday 12
Tuesday 10
Wednesday 10
Thursday 12
Friday 13
Saturday 25
Sunday 18

Total 100

Before attempting an assignment on the basis of such a dis-
tribution, the factor of probability must be considered. During
this particular month, which had 31 days, there were not an
equal number of each of the 7 days. There were 5 Mondays,
Tuesdays and Wednesdays, and only 4 of the other four days.
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Although at first glance it would appear that 12 per cent of
the accidents occurred on Monday, actually this percentage
should be 10.2 per cent, as indicated in Table X.

TABLE X
ComMPARISON OF ACCIDENTS BY DAy or WEEK
NUMBER OF NUMBER OF ACCIDENTS ADJUSTED
DAY ACCIDENTS DAYS PER DAY PER CENT
Monday 12 5 2.4 10.2%
Tuesday 10 5 2.0 8.5
Wednesday 10 5 2.0 8.5
Thursday 12 4 3.0 12.8
Friday 13 4 3.3 14.1
Saturday 25 4 6.3 26.8
Sunday 18 4 4.5 19.1
Total 100 31 3.2 100.0%

Since each day represents one-seventh of the week, the
normal probability of accidents for any patticular day would
be 14.3 per cent. It is immediately obvious that Friday had
nearly its normal share of accidents, but that Tuesday and
Wednesday were far below normal and Saturday and Sunday
far above normal.

The other example of probability occurs in the so-called
“enforcement index” discussed in an earlier chapter. Here it
is recognized that an increase in traffic volume on a given high-
way system will produce an increase in all accidents, but that
this increase will be disproportionately large for two-vehicle col-
lisions. In fact, the increase in this particular type of accident
will be about equal to the square of the increase in volume.
Conversely, a decrease in volume will bring about a decrease
in two-vehicle collisions nearly equal to the square of the de-
crease in volume,
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Thus, if traffic volume increases sharply from one year to
another without a corresponding increase in highway capacity
(road facilities), and if the mileage death rate remains the same,
a real gain has been recorded for traffic safety. The increase
in mileage would normally produce an even larger increase in
two-vehicle collisions—but if the mileage death rate itself did
not increase, then this increase in two-vehicle collisions did not
occur. Hence, a gain for safety.

Statistical textbooks will provide an explanation of the term
“standard deviation,” which is too complex for discussion here,
but which affords a technique for measuring the probable error
of a sample. An average calculated from a number of observa-
tions can be determined as accurate within certain limits by this
technique. The accuracy increases as the number of cases or
observations increase. As a rule of thumb, it is safe to say that
reliability should not be attached to a value determined on the
basis of less than 30 cases—and many more cases are desirable.

CoLLECTING DATA

The problems of collecting traffic accident data in states and
cities are well discussed in existing publications. The reader is
referred to those listed at the end of Chapter IL.

One statistical technique for collecting data economically has
not been covered in any of these source materials, and it prob-
ably merits some mention here. This is sampling. This proce-
dure assumes that it is possible to determine the pattern taken
by a very large number of values by examining a representative
portion of the total. Sampling has been widely used in measur-
ing public opinion, and is equally applicable in many fields of
traffic. For instance, sampling has frequently been resorted to
in the determination of relative proportions of men and women
licensed to drive. Instead of examining each of several million
licenses issued by a state, the investigator examines every tenth
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or twentieth license and notes the sex of the license. Speed
observations by traffic engineers are generally only samples of
the total traffic operating over a given street or highway.

One of the factors affecting the accuracy of the sample is pure
chance. The smaller the number of observations, the greater the
chances that the values picked will give a false pattern. The
magnitude of this chance error goes down as the square root
of the number of items in the sample increases. That Is, if the
sample is 4 times as large, the error is reduced one-half, and if
the sample is ¢ times as large, the error is reduced two-thirds.

The method of sampling may affect the value of the sample.
A public opinion poll, for instance, which questions only people
with an income of $10,000 a year or more on their opinion of
the proper rate for the federal income tax, would certainly not
represent what the general public thought the rate should be.
Nor would such a sample made in one particular area of the
nation accurately reflect the opinion of people in all 48 states.
A question on what people thought of the local police depart-
ment obviously would not produce a valid answer if names of
persons to be questioned were selected from the arrest file of
the department. A transportation survey inquiring as to whether
or not people drove their cars to work, with part of the ques-
tioning being done before gasoline rationing ended and the
remainder after gasoline was available, would certainly be dis-
torted.

The requirements for a representative sample can be sum-
marized as follows: (1) The sample must be selected without
bias; (2) the components of the sample must be completely in-
dependent of one another; (3) the sample must be truly repre-
sentative of the whole area being studied; and (4) conditions
must be the same for all items constituting the sample.

Sampling as a general procedure in the collection of traffic
accident records might be satisfactory for collecting informa-
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tion on sex of driver, age of driver, time of accident, weather
conditions, type of vehicle, etc. Sampling would not produce
proper information, however, even if a truly representative
sample could be secured, on specific items such as the locations
at which accidents were occurring, or the particular drivers
who were involved in accidents. The study of high-accident
locations would be seriously handicapped if not rendered im-
possible, if only samples were available. Driver improvement
programs which involve work with drivers who have had sev-
eral accidents would likewise suffer, since a sampling of acci-
dents might easily fail to bring to light drivers who have had
two, three or even four accidents. The use of the sampling
technique, therefore, does not appear to be applicable to the
collection of general traffic accident statistics by a state or city
accident records bureau.

PresenTaTION OF DATA

The final job of the statistician is to present his findings in
usable and understandable form. Statistics that accumulate in
file drawers do no one any good. In no field is this more true
than accident records, which can play such an important part
in accident prevention program planning.

Data are usually presented in any of three ways—text, tables,
or graphs. :

Text—The problem of presenting statistical information in
word form is chiefly one of simplicity. Every attempt should
be made to confine a sentence to one idea. Keep the use of
figures at 2 minimum and in round numbers as far as possible.
For example: “Vehicle miles increased from 8,996,000,000 in
1045 t0 9,012,000,000 in 1946, whereas injuries were reduced
from 28,906 to 27,423 and deaths from 847 to 804,” would
be expressed better by the simple statement, “Deaths and in-
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juries were reduced by more than 5 per cent, despite 2 slight
increase in traffic volume.”

The text affords an opportunity to summarize detailed tabular
information, to comment upon the significance of certain fig-
ures, and to point out the general implications of the statistical
work. The reader who then wants the background and the
details can go to the tables for further information.

Tables—Detailed information can usually best be presented in
tabular form. It is important to recognize, however, that tables
scare many readers, and that for full effectiveness they must
be as simple and easy to read as possible. A number of specific
rules can be laid down which will help make tables attractive
and understandable.

1. Title—Every table should have a title (and if necessary
a sub-title) which clearly and. completely identifies the
material contained in the table. Titles should be as simple
as possible, however, and should avoid being stodgy-—
avoid, for instance, the term “distribution.”

2. Arrangement—The table should be arranged in a logical
and orderly fashion. Numerical items should usually be in
numerical order, and non-numerical items grouped in log-
ical fashion. If the table compares data for more than two
periods of time, these periods should be arranged in order
from left to right or from top to bottom, with the most
recent period last. If figures for the current period and a
preceding period (a total of only two periods) are to be
compared, however, the usual practice is to show the cur-
rent period first with the preceding period either to the
right or below. Totals should be in a logical place—gen-
erally at the beginning or the end of the table—and should
be conspicuous, either set off by spacing or type face.

3. Column Headings—Column headings must be complete
enough to identify accurately the figures appearing in the
columns. There must not be any question, for instance,
as to whether figures represent personal injury accidents
or persons injured—whether they stand for accidents, or
for drivers involved in accidents. If a column is headed
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“Distance” the units used should be shown i. e., feet, miles,
etc. Horizontal and vertical ruling should be used in the
headings to clearly indicate the division and relationship
between main headings and sub-headings.

4 Ruling—Ruling within the table itself, other than that in
the heading, should usually be kept at a minimum, since
too much ruling makes the table difficult to read. In gen-
eral, vertical rules are not necessary between columns if
they are properly aligned and spaced. Horizontal rules in
the body of the table are also seldom necessary. If the
number of horizontal lines in the table is very great, it is
desirable to leave space at every fifth horizontal line to
break the table into readable groups. This greatly assists
the eye in following a horizontal line across the table.
Proper vertical alignment of items within a column de-
mands that the decimal points be lined up.

5. Source Notes—Every table should contain, either in the
heading or in a source note, information as to the source,
or sources, of the data used.

6. Footnotes—If items in the table need further explanation, a
footnote should be used. If only one or two footnotes are
required, a single asterisk and a double asterisk can be used
satisfactorily. If many footnotes are required, a numerical
or alphabetical system is usually best. Footnotes should be
numbered in order, beginning at the upper left corner of
the table and working from left to right across the first
line, then from left to right and across the second line,
and so through the table.

Graphical Presentation—Charts and graphs are particularly
useful in presenting statistical material since they afford a visual
impression easier for most people to understand than either text
or tabular material. They are especially useful in illlustrating
trends or making comparisons.

In constructing a chart or graph, it is important to define
clearly the purpose which it is to serve. Some charts, particu-
larly those used by engineers and scientists, are used primarily
for reference and are very detailed, with fine lines, many back-
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ground lines, and complete scales. Other charts may have some
reference value, but also attempt to convey an idea or impres-
sion of a trend or of comparative values. Still other charts have
little or no reference value and are designed primarily to con-
vey a simple idea. Most charts used in accident records work
are of the latter two types, and, therefore, should be less detailed
and much simpler than purely reference charts.

1. Bar Charts—Bar charts consist of a series of vertical or
horizontal bars, the length of each bar being in proportion
to the magnitude of the value which it represents. They
are particularly useful in comparing totals for several per-
iods of time, or for comparing proportions of which com-
ponents represent a total. A typical bar chart is shown in
Figure 55. A special kind of bar chart uses bars which are
divided to indicate the various components which go into
the total represented by the overall length of the bar. Thus,
a bar chart might be constructed comparing motor vehicle
traffic. deaths for two years. The total length of each bar

MOTOR VEHICLE FATALITIES BY AGES
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MOTOR VEHICLE FATALITIES BY MONTHS,

Courtesy of Mil kee Safety C ission

PIGURE 55—Example of Use of Bar Chart in Presenting Motor Vehicle
Fatalities by Months.
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would represent total motor vehicle deaths in each year,
but a portion of each bar would be solid to indicate deaths
occurring during hours of darkness, and the remainder of
each bar would be white to indicate deaths occurring dur-
ing daylight hours. Each section of the bar would be pro-
portional to the darkness and daylight deaths in the given
year. Occasionally it is not possible, due to space limita-
tions, to carry the scale all the way to zero. In this case,
bars should be broken near the base to indicate that the
scale is not continuous. In any case, each bar chart should
contain a complete title, a legend clearly identifying the
significance of symbols used, totals indicating the values
at the end of the bars, and adequate source notes.

N
.

Pie Charts—More frequently used are circular charts, cut
like sections of a pie, with each section proportional to
the value which it represents. These are useful in showing
the distribution of a total into its component parts (ie.,
how total motor vehicle traffic accidents were distributed
between the various classifications of two motor vehicle,
pedestrian, bicycle, etc.) A typical pie chart is illustrated
in Figure 56. Title, legend, totals, and source should be
complete on any pie chart.

STUDENT ACCIDENTS, 1945-1946

(REQUIRING DOCTORS ATTENTION OR CAUSING ABSENCE OF % 24y OR MORE)

SCHOOL e i NON-SCHOOL

From: “"Accident Facis,” 1946, National Safery Council,

FIGURE 56—Example of Pie Chart in Traffic Accident Recapitulation.
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3. Line Charts—A third type of chart, perhaps more fre-
quently used than either of the other two, is a line chart.
This chart is used chiefly in illustrating a time series, al-
though it is also commonly used in illustrating relationship
between two variables. It consists of a horizontal axis and
a vertical axis, with one scaled for one variable and the
other scaled for the second variable. The “independent”
variable should ordinarily be plotted on the horizontal axis,
with the “dependent” variable (the variable which changes
due to a change in the “independent” variable) plotted on
the vertical axis. Thus, in a time series, time is always
plotted on the horizontal axis, and the other factor,
which changes in relation to time, on the vertical axis.
Points determining the line are located by scaling on the
horizontal axis to the proper value for that variable and
then moving vertically a distance determined by the scale
on the vertical axis. This determines one point on the
“curve” or line. When all points have been located, they
are connected and the result is a line chart.

Line charts should be used only in cases of a “continuous
series.” In other words, there should be a continuity of
the independent variable, such as is present in the case of
time, speed, or similar items. It would be improper to at-
tempt to construct a line chart, for instance, which would
show deaths by counties. There is no continuity here, and
the proper graphical representation would be a bar chart
or 2 map (discussed later). '

For most accident record purposes, line charts should be
simple, with few background lines and with adequate but
simple scales. As few curves as possible, sometimes called
“trend” lines, should be put on one chart. One such line
is usually best, although for comparisons under certain cir-
cumstances it may be desirable to plot two, three or even
four.

If the lines overlap, however, then two become a prac-
tical maximum. As in the case of bar charts, the scales
should go to zero, at least for the dependent variable. If
it is impossible to carry the scale to zero, then the chart
should be broken to indicate this fact. This technique is
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illustrated in the chart shown
as Figure 57.

An exception to this rule
about carrying scales to zero
occurs when index numbers
are being plotted. In this
case, it is often desirable to
show the “100” line as zero,
with index numbers above
100 as percentage increases
above the base and index
numbers less than 100 as per-
centage decreases, as demon-
strated in Figure §8.
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FIGURE 58—Illustration of Method for Showing Percentage Increases and
Decreases With Relation to a Base Year.

Multiple scales on one axis are generally not desirable.

Frequently it is desirable to adopt a logarithmic scale for

one or both axes. When such a scale is used on one axis
only the chart is said to be “semi-logarithmic.” The chart
shown in Figure g9 illustrates this procedure. When a log-
arithmic scale is used, it is not possible to carry the scale
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Spot Maps—A special method of data organization and pre-
sentation is found in the use of spot maps. These are maps of
geographic areas with pins, spots or other visual indications of
events—motor vehicle traffic accidents, arrests, etc. The colors
and/or different shapes of the visual indications denote the
types, severity, or frequency of the accidents, or other events,
while the spot or pins show the approximate locations of the
accidents. Time is shown by keeping different maps for differ-
ent periods of time. These time periods may be by hours of the
day, days of the week, months of the year, seasons of the year
or by the year itself. Spot maps are discussed in detail in several
references which are listed at the end of this chapter and at the
end of Chapter II.

A base map plotted on the scale of “one inch equals one mile”
is most popular for state spot maps. Generally, a larger scale
for city maps is more convenient and a scale of from 400 to
6oo feet to the inch is recommended. Congested areas should
be separated and shown in a scale enlarged two or three times
so as to allow sufficient space for the accumulation of pins.
Smaller or larger scales may better fit special cases and the most
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convenient scale will be found by experiment. A spot map
for a rural area is shown in Figure 6o.
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Care must be taken to avoid confusion resulting from too
many symbols and colors. Reproduction of the map is often
desirable.

Permanent records are made of spot maps by photography.
These photos are not taken only at the end of the designated
period, but at regular intervals as the pins accumulate so as to
show the growth of the map by comparing one picture with
another.

Spot maps differ as the use for which they are designed dif-
fers. Some of the more common items shown on spot maps are
listed below; some are of interest to several agencies while others
are designed for only one specific use.

1. Accident locations and type—pedestrians, vehicle vs. veh-

icle, vehicle vs. fixed object, vehicle non-collision, etc.
" 2. Severity—pedestrian death or injury, vehicle operator
death or injury, passenger death or injury, bicycle death or
injury, property damage.

3. Residence of principals in accidents—pedestrians, motor
vehicle operators.

4. Place of employment or occupation—pedestrian, motor
vehicle operator.

5. Age—pedestrian, motor vehicle operator.

Race—pedestrian, motor vehicle operator.

. Violation—place, pedestrian violation, operator violation.
Location of accidents investigated.
Locations of violations and arrests.

1o. Time differences— day, night, day of week, season of
year, months.

11. Weather—rain, snow, ice, sleet, clear, fog.

© w3

Collision Diagrams—Collision diagrams are schematic dia-
grams of a highway location on which symbols indicate colli-
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sions which have occurred and the manner of collision. For
example, a collision diagram of an intersection will show all
the accidents reported, or only those for a given period, plotted
on the plan of the intersection, indicating direction of travel of
vehicles and pedestrians, and points of collision as well as time,
date, weather, and type of accident. A pattern of recurrent
accident factors will sometimes suggest remedies. Collision
diagrams (Figure 61) are chiefly an engineering technique, and
their construction and use, together with Condition Diagrams
(Figure 62), (scale drawings of the location), are adequately
covered in existing publications, some of which are listed at the
end of this chapter.
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